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IITBOWCflOl 
In & way the toehaTior ©f o®a«iit aa€ 
tlsfi pi'©pe3?tl®8 ®f til® Imrientd *at#r-e©M»at past® liav© b#©n 
kaem sine® tb® formal d®»igiiati#ii of tb® mt®3?ial by J©s®pii 
Aspdin, as ipeeordei in Ms Bi»lti»li |»at«Bt 5»022p dat®4 
D®©i®Eto®r 10, l82lj.» Hi® l3®hairior ©f tb® m« aftt®rial tif-
f®i»®i priMBrllj in dsgr®® fmm tlsat mf tli® ®»li®i» natmral 
e®«®ists and liydramlie fh® iiaportsn.0® of tli® argil-
lae®0m8 ingredient® ®f tto.® ©al@in«d ailxtar® bmd already h&mn 
noted toy J. F. J©lm (1819), i.. 3, float <lSl8), B@8®ot®3-
(1813), <laa@i Froit (1011)# fark®r C1796)# and Jolm 
ai®at©n Cl?91)» fo t'h® latter belongs not ©nly th® ar®dit 
for tli® first 6l®arly r@©ord®d understanding of tli© im-
portano® of inelmding #lay in th® raw ai^tnr®, Mt slso-
or®dit for th® first not®d eoaparison of th® oonerst® pro-
dii®®d to "th® b®st Mtrehfltntahl® Portland tton® in solidly 
and durahility**, Ci|., pp. 6-11)'^ 
Ih« mat«0?ial know a» Portlwad ®«®nt has vari®d som«-
ifeat froa tin® to ti*®. A reo®nt definition ©f long 
stiaading i« that of 4SfM Designation Of.-JO {1, p. 23')« 
' •. •Vi.c::i>ir>rii:,.n. , in :: im 1" 
»iraib®rs in p0r®nth®sls r®f®r to th® ll®t of r@f«r«no®a 
oitod. 
I 
FwtlaM is th@ prodiiefe ©btalaed by 
fimly piilir©i»ising alinktr pr©dme®i by ©al#iiiiiig 
t® ii3@lpi®nfe fmsioa m, Intimat# aiwl p3P®p®s»ly pr®-
pojptiomi mixture ©f argillfte«@«i.8 an# eal®a3?«©u® 
*mt«rialS| with no additions imb»«^®iit to oal* 
eination #xc©ptlng mt®? oni oiloinod mr mneal-
gypsm. 
fh,® lat@8t d®fittlti©»ii r«©©gal»iiig c»f3?®iit praetioea in th® 
©#M>»t indmstry of tho l&it»d Statoa, is that of ASfM Bosig-
natioft i3» P* l}t 
Portlami ©««nt is th® ppodmet ol&tainoi^ by 
pmlf#3?isii^ olinlc®!? ooaaistlsg ©ssoatially of 
hyiFaali© emlolw «lli©at#s, to sfeioh no aiii-
tiona haf® b®«n aaii« ®mbs«qm®nt. t® ealolmtion 
othop .than i»t®3P and/oy mti»®at«4 emleim sul­
fate, ®x#»pt that aMitions not to ®x©©»'<i 1*0 
per ©'©nt of ©thop Materials «ay b® intorgromad 
with th® ©li»^®r at th® option of th® ffliOMifa®-
tef®!?, p3P©fii®<i iiieh material# in th® amomts 
iaiioat»d hair® b®®n shorn to b« not hawfml by 
t0.st» ®a,wl@i omt or 3?«iri®w®{i by C!«aitt®® 0-1 
on 0«ii#nt.. 
fh« -a&torial so iefin®i aay b® al3K®i with wat®!* and 
appropriate wtoimta of inert fillert or aggrogat®, in 
wfit®r"e«ii»nt ratio® by weight viopying froM ^omt fomr-
tonths to ®0a®what OT®r imity, mA prote©® a ]nAr<l®n®d past® 
whioh bind# th® aggrog&t® tog@tfe®r into oonerot® of d«p«ndabl® 
prop®rti®s. 
•fh® <l®ir®loi»«nt of th@s® properties takes plao® in two 
«©r« or l®ss ol®arly dofinad ®t®p.a* first, within a f®w 
hO'nr® after th® addition of th® Mixing wat®r, th®r® la the 
©oBipl®* of ph^oiiena d@ierib®d a# "setting", during «®i.ieh 
th® past® alters from it® initially plastie state to beooae 
a rigid mass of ^preoiabl® strength, -fhe rat® of defelopMnt 
3 
0f tMs strength is «»ipii?i® allj in t«»s of tli® 
t'i»® 3?®^ir®a f&r me iiast# t© i^sis-
%m&9 t© fc« p#ii®ferati0ii of ealitoatti a«®41®s of sp«eifi®€ 
fiMp sMp®,p and' wigM in tliiaidapi t»sts initial 
mi. fiaal «®t.» tMfM JDtiigaatioii 0191-»l|f • i» p.. 18S) 
Following tMi p^©e«®s @f 3#ttiiig, tb® past® 
Mill ©.©Btism® t© gain s%pmg^, m %»€«&*, f@r aa «xt©ai®<i 
p«Fi©^ ©f tim$ t© l®ng as a fawra^l® t«ip®r&tw® is sitin* 
•feaii»«d» m4 mistvtr& i» availatel®, ^il® -&« rat® ©f oir®r» 
all atremgtM gain itersas®® wmpMly after tli® fia?8t f®w 
mek».0 aeasurabl® «tr#iigth gain p«3?8l«ta f®!- mmj monttm. 
On®#- tb® e-®iistita®at raw materialii ©f fortlani 
w®r® el®arly ««tabli»li®i, Mi® amdf of th» mt®rial e®a-
tim®<I witli'm «ff©.rt t© ii#stify th,® ©fe®mi©ml @@»p©mia 
and tti® ®rf«tal f©|pw pip®a#ate in tMe liari«ii®4 eliak«r« P&it 
8«T#i?al year® ®ff#rt® *#1-® lar^ly ®p®®ttlafciv®, a»i 
4»jmM0d m eh.®isieal foi?»la« ©f th® eon-
stitmsnt attt®Fiftls, mA ®li®«i@itl aaalytes of th® mmXtmt 
@Mnk&r» fw© iai«p®iii®iit atttii®®, tl»«« #f l«m*i 'Im 
Gliat»li«p, IS82-I88?, and A. 1» f@rii®te&lm, l897» 
g®««^allf a@0®ft®d as lia"r,i»g first taken fmll adirantag® @f 
a ®®3Ei«idlerati©» @f tb® playsieal @hai'a®t»i»isti®« ®f tta.® 
ffliit®i»ial* iiw®lT®i, as indieatei hf ialor@»@#pi® strndf mAg 
ill tta® 'S®®®!!!! ®a«®, toy tpsoifi® gravity a®f»ai?ati©ii« ©f th® 
®li«te®r parti®!®®# 
k 
Im 0liat«li@r eeEitltaeiats of tto© eliuker 
a® f@lloMS. {3.8a# oni in Ii.# pp» 65-6?)s 
f l )  i©3.oir l««8 wyatala# mtHh wmk 
mtrmtl&m, irittli wqnwm m b@x&goB»l wmm »«@-
tintts ami ¥»i»j ©3.«i^ b©r4®i»® wm&h msmhlimg 
tb,©«« ©f tfe® .emM# It la hj tm Ife# mm% 
12) la th® spae# hm%mm %!«»• ©pfstala.# 
« gromna ansa, eol©i' @f i^l®h Is always 
dark 'OiM Tiari®# fr©m'm r®4 t© m gr«®i»l«b. 
br®wn* Jfes r®fr&@tl@n Is stf»©ng»f tfeaia 
tiat &i tbi py««®41iig bwfe its i©«» mt 
p®8».®®9 mf nlMm erfsfealliia® ( 3 )  3 » » M m  t h » s @  t m  m m m t l m . !  
mmmmrj ml@mmn%w ar® frd^M^atly fomn#^ vaiTi*^ 
In tiff®x'«»t #iiapl«®i (a) eiirstallin® «.ii©tl©B« @f tQimm 
ai»»i»l®n« analogous to ttos« first glv«a» 
1M% iMIqU m@ distlngtti«fe®4 fmm by a 
ll#iti bi»i»ml»hi glij^tly yeHwisli e#l&r» a 
mhBme» of tx^aaspai^eney* aM by 
rm*j tim stria® t® other at 
mhmt 6#®* fliii ®©ttitltm#isktt altliow^ 
»®ap©®ly pleat ifatl, la f©m€, li©w®v©r# In 
Alnost alJ. @aapl®® @f @w@iit of ®©o4 
(b) f®3py wall crystals of iuffl©i®ntly 
strong <l©i2(bl® r«fi»a©ti©n t® glv® polfitrization 
eolora. ®&1» ©onstltmsnt 1« alw&yt In «aall 
^anfelty md i» »@»®tlm®s -©ntlrdly absent# 
ft Is fowMd ®af>©0i®lly In ttni©rtottrn»d e«i«nt«» 
{el 'Clertain f©3?as witlmmt aetlon mpon 
p@lari8®d ll^t m4 of 'ntgativ® ©haraotar 
wMeli do i»t glf® any dlstingalsMng taat. 
On tb® basis';, of «bMii©al stmilss, I»» Cbat®ll®r ©on-
•©Imded tisat tb® prlnalpal bydrattlle tonstltmant of fortlanfi 
ms Sa&©*Sl©2* 
f©ra®b®toa, ©n tfe® @tli®r b^ti# following ttp bis «i®3?©« 
seopie «xa»inatioii and speeifl® gravity saparation by 
®b®»ieal ooalysis, gm@ sbaraeterlstie aa»®s t© tb® s«v®ral 
eonstitmsnts .as b® M®ntifi®d tb®«» ami ®©n®lm4®<i tliat 
s 
i^lala b® ©ail«i fh® mmt eoiraon orystallin® aaterlal, 
toai th« forwtla fCjeaG'SiGg) 4- 9CJ&®*2Aig0j» Otli®!? fowiulas 
w&m a®r@ imrolfnti, t© tli® ©f feeing ©©nsM#!*®# ia-
i@fe@mlaat®. ftm fiopious mt©rials mmm aw®si a® f®llowa 
Cia 1^0 p. 68)s 
M Alit®:. r«f@w®d t© ato©¥# as tlx# most e©«©n 
e:py»talli»® wat®i»ial, ©easistad ©f ©olerlaas ©jpfstal# ©f 
waak bii*®fra©tio»» i*®®tangtiliyr •» li®xag©iaal# Tbmam ©rystala 
stooi##i a Mgb iadejE lUEsi biajdal intmrterem^ fipup®a» 
•^2) Belit® @©iwiist04 ®f small gfaina witk a© 
d«fi»ife® erystal. fom# toiaxial# arad ©ft®ii s%i?iat«d«' It was 
eliam©t®apis®d toy a Mgli iaiax# a ®p®a8f y©ll®¥ ©olorf aat 
brigat iaterf®?"®!!©® mlom* 
C3) Q«3»it® waa ©fte» preswat ia tb® t&rm ©f 
®si*«eially ia aM«rtottTO®d eliatof# wiiil® in well towa«<t 
©linl£@-r it f©»«<i til® filling aaterial an4 magoia f:ro« -^iob 
alit® s®payat®<4« T®rn®toota stated that it was ©aaily r«o©g-
Bi«®d hj iti d^te ©raag«-y®lloif e©l©r aoad its sti?®iag toir®-
fraetion. 
*^4) g®lite ©©iisiit«d ©f mmallj ro«iid«i gratea# a<aie-
ti»©s ®l©ntgat@di and ttamally stipiat®d f»rp®.i]di®mlar t© 
®l®ngatio»* 4 eolor'less toiaaiial ©©apomd with atr©iig bir®-
f3?ing®n6®j, it was fomai in fariafel® ^aatity, ani ma ©ft®a 
abseat. fli® iad®3E wa« M#t, aearly ttot ©f balit®^ itoioli 
«t®rial it s®«ia®i t© r®pla®®* 
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views on th® siibjeet* ( k ,  P P »  72-81) 
li©di®i?n iiifo»ati©ii OB the ®©nstita«at;s of fortland 
mmm% ©linker has h®«ii d®¥olop«i, ia a gm@v»l%f 
ehi?©n®logi6ftl dritr# hj «xt®nsioii and r#flii»a®iit ©f th® 
mle'roseopio ii«th©is iaitiat©i by Ii® Gh«t«ll©r mi& f0rii@b©lMj| 
by X-ray diffr&©ti©» t#elmiqm«a, and by ©©rr®l&ti©ii oai 
analysis of th® «©»bia®a dmta availabl® fr©» th®s« two 
»th©ts ®f iOT«»tigati©»^< fh® i®)pll©ati@n ©f the#® «®th©da 
t© th® waltiphas® systens @»@omiit©x»®i in f©rtl&ni e®m®iit 
haa b«®i3i f«ellitat#i by eoneurr«nt mdwrnms in eheaioal 
t®©haiqTi®sp by i®pr©T®4 t®©lmi<im®» and iiistnm®ntatio» 
©f hi^ tamperatttf# phas® r®»»ar@h« fh® te©lmiqm®s and 
fiadiiags ar® pr@s®»fe®d in gh®iiiitry ©f Q@mn%m 
by R©b^t H®r»an B©.pi,e (if.),, and fh® ghaaiitry ©f Q&m&nt and 
6©ner®t®t by F« M# Item. Cl7)« 'Bi®®® b©®lcs &r® g«n®rally 
r@©®gni8«d as d®finitiT® works in the fi«ld md ®&oh con­
tains, in addition t© an ®xt«siT® ®mrv®y of th® smbj®©tt 
detailed r«f®r@nee« t© aonre® aat®rial« 
fh® pilneipal ©©nstitm®nt.« of a©d«rn Portland 0®a®nt 
©linker ar®i 
(1) fri©al®i«® silioat®# 3Ca©*Si©^| gen®rally d®aig-
natad in Ito® lit®ratnr® a® O3S* ®i® grains ar® asnally well 
d®fin@d# r®lativ»ly larg® h®3tag©nal erystal®, and hav® b®®n 
identified as th® alit® of f©rn®b@hM»s elassifisation, 
H®0@nt ©rystall©graphie studias e©Mwet®d by J®ff«ry Cl^b) 
s 
in&imt® a »s?a3ag«ii«ii1s m.f he T®pmM9n%mi. 
hf a f©i«tl.a &f tb® fow 0a30(Si0|^| tm th® p«r# Oji* ft.® 
ii*i»@galar 'inrolfea in -fetoii® gSE^duping .ai»® ®0a-
iid«3?#4 t«> fro€ii®» a stmietar®# Bj tfe© smtoatitm-
•feSeii ©f al«Bljam i#iM tm %m Billmu i®iis» vitli tti® 
si4£fei®ii #f a aa,^««l«ii i©» t© aaintalii tli# wmlmm balan©#, 
m mfommWie mit is f©wi#i ©©aslttliig ©f 
AlgOj^MgO altwiwia md sagri«aim are ©@ja« 
t© pi^iu©® a disfeertioa to a #tnietw« 
'uliisli ©iam©% ft fmlly stabl# •3?k©ate'©li®ii»al a©aafiiai»a-
%g&n» reesat »tia€l«s fey frSi®®l fniieat® %li® 
p#ssil>llitf @f g#lii .seltttieaf f|S igai ©gS «i 
«a3)laa.mtto» tm? »&m tli® ©©afeliimliig pTOfelems mm^ndug 
%lm h®h.mtim ®f ullfe# wliialii, tm ban $, 
Mglier rat® &t solti1ii®a th,«ii pmr# OjS# 
{2.1 Mealeiw ^ner&Xlj d#iigi-
imt«<l aji. ©gS* fh,® g2?aljii &rm 'umeiXlf lP0iiiid«d la mtllm^ 
3.ai»g#, mi. striat## in ®i» m tw& 4t2*®@ttoas laj 
fim polyapitli#ti# twlaming b«i»» fkii imtmrlBl Is p©lj-
ii©i*pli©iiii, mmrw%mg i» oC^ oL't p^ aai 'f tmm,* 
p#Biiaif 0m th0 f#»t it hm hmm m th» Ij.nli.tg 
or £SMI& ©ff f0rn»h&lm*a ©l®.#@ifieati©a» 
($) f0%rm-ml@i.vm aJ.*wt£n© 
m %4F:, Oeetff,j?iag la tfe® watipijc siai?-
tto #al©lwii s£li©at«si and s©ii«tlra»s spoMeii ©f a 
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iBtsrstitlatl material^, its '©rystal foj»a ia oftsaja 
diffiemlfe t® dlstingmisli. It has baea iiantifiad aa tb© 
ealife® ©f f 8 ©lasalfiaatlea# 
(%| trieal®ilia aliailiiat©, ganarallj 4»aig-
natad aa C^A. 41#® Qmmpring in th® watrix sii*»i»©uia<iing the 
ealelma silioatas# ani s®i»tSM»# of as intar-
atitial aafcsriai"# its ajpystal form, is r®®t«ffiig^la.i* ®j> 
pyiaMatia* 
0th®i» jihaaas ®b»'«PT®4 ar# an Marphema dark 
intaratttial Matafial liiieh has baam idanttfiai as an xm4ej> 
®®©lad lis|iii Coftan rafawad t© aa glaas), tr@m ©aleiiam 
©xiia ^GSa©), mi trm aagpaaim ©xid® |Mg©)» 
with tha afeaf® ©mtllnad atii4iea ®f the-
®®«peaM aoMposlti®!! ®f th« Fertland ©aaeat alii&ar, atuiiiaa 
war® »ada ®f tha l^dration pfoaaaat its f3?©dmotSt and tha 
g«®^al aaahaaisit hf liiieh the a® prodwets ieir®l®p tha ®o-
haaiva f®Fe®» whiah hiai tha tmrimai Mass t@g®ther, 
i^aint tha ftost aigsifiaaat stmiiaa aj»a ©railite*! 
t® I«® €ha.t8l.i®3?,t iaiPing -tha pariet 1882 t® iQ&l* (iSa, aii4 
in %,i: pp* Baglrniing toy aatabliahing tha ii».i®<|iia©y 
©f aajpliar tha©i»ias hy hmmlw in^$) aatd Tieat {1837)» 
lAiieh thftoriaa dapanAed i^Sjasupily mp®!! a Talting together- ®f 
rigid aaiamlfti* ©ryatala# Im Ohataliar f®stiilata4 thi?ae phaaaai 
(1) fca ehaaieal phaaaaaaen ®f hydration# 
(2) fha phyaieal phan®a®iioii ©f ©ryatalliaatioiij, 
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m4 
13) fb® a»ohaal®al pb#,ai»a»ii©a of hardening* 
®i® ehioieal pto.©ii®a®iio» &t «i® hydration ©f Po':r-fcl«Ki 
©#*©at was as»«®i t@ b@ similar t@ tii# sSjojI®!*!. b®tt®p 
wideMteta laydratioii ®f pl«9t®i» ®f faylt* 
e®i»pyiag lotal^gj with plast«i» of fM?!® into the 
ie©oad. pha«i of th® aaalfBls, I,® Chat®!!®!- ©onelmdsi %hat 
til® @ryi'%itlliaftti®ii ®f F©rtl«ii ®®a«a% plae® tr&m 
smp®3?»afewmtj®i stat® of nftii^h is 
til® F®smlli ®f iia'A®€ diff®i*»ii®®s b0tw&0m th® s©lmteility ©f 
i®iifdi»®W8 or p&ietiallir hfifat®d aalt® md the moy® ©«• 
hfii»a%«i salts# At fch# 1®®« i®ltitol® mtwrial pr®-
©ipifeat®® ®mt th® «®luti®» la l@f% iiiis[.atara%®<i with i'®sp®ot 
t® th®' n&t9Ti&X$ liiieh t?h«n ats®©lir«». &r®iitmally 
all ©f tto® e®«®u% Mill hav® tFawe^?fstailii®if &r paa®®# 
feh® «®ltati©B pha®® iat® th® mfaH&Xlime hydyafe®. 
fh®«® pr®«®»»»a *aj ts^® pla#® in syttiwi iar®liri»g sewral 
©©^©ttais, fch® a©r@ solmtol® salt® g©iftg th® s®qm®ne® 
first. Material® 'yhieh .«ff®®t th® #«gp®® of s©l«hility 
will tM.m aff®®t th# s®)p.®3ae« Mtel th® »t® ©f ®®t« 
the h®M©»iiig ©f Ml® 0®t a:a»8 was e©wid®i»®t by Ks 
Chat®li®x' t® (i®p«nd ©a th® eoh»#i@ii of th® ©rystals msA 
mtmal a&®®i©ii, fh® fwiiiwiiital |H?o©@ss ®f ha3P€®aiiig 
hm ®oaall®f®<t t© h® in® to a splitting mp ©f triealeiiw 
tilieat® t© f©wi manm&l&lim silieat® aai ®«l®iw hydi?©xi4®» 
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tb« basis t&v a 60nti»m#d diseussioa of tbdlr i»#lativ« 
laA 'Ims Imi abl® aupfwtwi. ffe» a©«t jpr©iils.liig 
®®iitribiilii©n8, h®w®Tty» inileat# that tootfe ©rfstallia&tioB 
md tli« fojmatlen ©f e©ll#idal sBbstm«i®i ay® iavolvei In 
the t®tal tayii*ati©ii 
U* rmn #la#®i^fp iZ7m$ 1217) i#'r®l®p®d m analysis 
indieatiag th&t p®ly®i^staHin® agg3?«gat®« mm% grow fyoa 
tli©^ g«l alxtiir®# b®®aai® ®f tli«3W®4yMai6 imtability, 
f®jw.iiig FQully s-tabl® prodteioti ®f hiii?dtiiiag» By this 
timlyiii til# @.3?yat®tllis#<l tad pi»ote®ts «»« i»r®bably ®al©iiM 
»ili«at» teytoat®®. fto® physleml eh»aot®i»istles ®f tli® 
«yst®a» iii«f®lr®<l ar® tiMt th® alfe@3ratio»s i®»ei»ib#d 
are •ratlao:^ .al«ggi«li» 
lUil <16) gat® g«B®i?»l smp|i®i*t t® th® g®l th®®3*y as im 
®3E|>l«iatleii @f til® iaitial adtting, bmt ©©i3sii©F«i that the 
pil f®w«€ by preeipitatiea frmm sip®rsfttttrat®d s©lutioii« 
fath®!* th&m'by sif®llli^ of m ira®Mbl« aat®ri&l» 1® 
fto^rth®!* Ptgari®^ th® towmtim ®f th® g®l ms a traaaition 
phassf follewai by th® long t®ym p3?o@®.ss @f replaewent by 
a fln®ly ©jpystallia® iiat«pial* 1® f®tttot 9vifi«ao® for th® 
altsratioa i» sfea-iies ®f hyijpattag saa^l®® mmf y®iira# 
D«'S®h ClOf |jp» $0 67-68) pointed omt. In <lisousai®ii 
b®f©.r« th® WmuO^mj S®6i«ty iM lfl8, -femt I# ehat«li®3P w®j*k«i 
uith 4ilist® s®lmtl®ii»» ilatil® Mieh&®lis MOi'lc®d with ®on®®a-' 
tyftt®i s©lmti©iss,# and fltat®€ fttrth«r in his ®®iieluiing 
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rwapkf that meh of feh® fedtw@®ti th# two fch®©i»l®a 
wMeli tfa®s® »«n a^Taaeed was a ©f t®r»s« He iifi 
ttofe eonsi<l«r Ife ®«p®oi&lly 
• . • «»# r#garii m® J«lly ai a ma® ©f 
@iEl5i»«#ly mlmit® ttit»yla©lBg paj?ti#l«s ©r net. # , 
Ih® mmmtlmX pelat it Im eoXlolial sub-
s%m&m tli» pa3?tiel«9 »# ®K%rmelj a»aH# laii 
%h# iwfa©# f0F©®s &p« if«ry 
1# Ctoiat®li«3?'^|, tey Ms mi a paper by Bs^eoff 
t0 W»m9h Am^mj &f 3&i@mm8 in 1925* aaj wty p@«»ibly 
toa-f® tatit <i©a©ia»r«a©® in %M» I'iew, sine® tMs 
fap®r atag®8 'tf IbAritniwg ©f @mmt» m 
tl) i®3.mti@iii, C2) ®©llai4ati©», flaallyt @ii?yst&lllsa-
tioa# Hi., p. li.8Q| 
R©®®nls i®ir®l®pMnit® in £ast3Pt»ntati©n as»« pomittslng 
s-absfeaiitial in fh® 0l3s®rira%ion of tta® struetw® 
0f fe.ydrat®d ©«»©»%# In th@ feytoafcioa ©f tto.® 
i®parately pmpmmd mmni ©f fell® «Xink@i», G^S 
torn® b®®B etis®rr®€ t® dew^l&ps (I) smorQua GgSl^,pTOj®0ttoiia 
Alefe alt®r lat® gtl-lik® glebul®# i» a f®w wlfeb 
faiat feir®f^£iig®a@® s@ir®i?al w®®k## mmi i2) ThmM& 
®f CaCillg* 0gS i«ir®l®pi a f®w saall pm^e^ti&m 
0f alter slowly, aftw? sewral iaysn %© gel-
Ilk® Material# GjA deT®!©?® (I) saall plat®#, f*»©1aatoly 
®|.^12-13» diaapp®®^ ta a f®w ( 2 )  iso» 
mwtri® parti®!®# ®f and (3) gslatiRoms aas#@s ®f 
Gj^AF €®^®l@ps <1) h®«ag®iial plat®« steilai* to th©#® 
3J|. 
fosm®i, GjA, (2) ©f Cj.4% liiieb. develop 
lot© ofeUajr ls©B@fcjpi« towMt, i3} w@jmif«xm pmrti©l0» b&lim»d 
t# li@ mad tk) a p»€dittot-*l>r©Mn g®l, p^otoafely ta,y<Irat«i 
f0rrl0 
S#%. ©ew«t» or® QbMm3*r&d to feav® larg®r propoftions of 
g«3., a® i#»orib®i atooT®# of t«po»ltl0a 
El®®ti^ii aierose^opy aa4 ®l®©tr©a tiffraetioa t«0luiiqii®s 
hmw® eoaftfwii tli® f»s©ii®« ©f ©^st^allia® aat«3Plal in th@ 
g®l aaa#®#. 0bs®f^»4 iiffraotios pattftfus Mv® iii©l»a®4 
tli©s® i4«atifi®i as thm t«pl®t®lf afwillit®, 
%%%• in# th® ,t«*tially liyii*stt«il teil3l®l>ritii«lit®t GgSi, «ad 
t©to«f«©i»it®# OSHCbK llsetroa difffaetion p&tt®a?33Ji in<ii» 
©•atisg til® f:r®««e« of ©fystallim «at®x»ial ar® ©tea®rv«d 
mtm 'twrn mmmm Imir# tfe® app®ai*«i®® ©f aaorpfeoms 
tl&m* • Th® €«T®l©piiig. ierm ef meh floes, from 1 to 3 
ia 4i«a»t®fi imt® a t®J3i«n@y t© ©pi®nt tli®ms®lv«»,. 
sai to d®v®lop b'Otla. ®@n©«ttti'ie aui r»«iial tM,®k®aiiipf aei»@»» 
bomMwi®!*.' f&mdmg iatereofflieotiag eir®»s links tbrougla tb® 
natt# Xt Ims 'b®«m mgg®®t®<l that ttiis m®li«ii®Bi if a 
p © » ® i l 3 l ®  0 3 ? i i i a  @ f  b o r a ^ i a g  A o t i o a #  C l | . ,  p p .  6 2 7 A l t e r -
iiativ@ly» it lia» b®®a reported tbat orfstitllin® h^dratioa 
predtoeta ©mtward froHi th« hyiratiBg ©«i®iit grains# 
6®iisi®tiag iMivifimaily ©f foils ei«S ribbons lAiob b@«©m« 
f®14«i isti tfe®«® ©ryitnl stmotur®# t@ad to fill 
tl» voids ^®tw#®ii th® @«M@at grains and mM© ©ontaot with 
15 
®a®li, Solii Stat® iiit«5?growtfe at th®#® point# ®f 
e®ataet las ¥#®ii ««gp»s%#d as th® boniing »0ii»at«K# {1,?» 
P. 223) 
u 
msmBmm OF ®I mmim 
miM stat« mwmB 
of til© b©ai, %hm pstst# ami th® 
Aggr#g&t® #f e#a®Gt i»ir©lir®s th® solid 
Stat# tmm» wM,&h prwldt stJNiagtii aai flgi^ity ©f 
aatwal fli® irari®«» %jp-m of •At&h give 
ria® t© fh^se aatmral »@Uis t&m Ife# basis for a 
©ati®ii ©r saeli tut© ftv® iftileb &r« by 
S®itz (2^f p* J.#2| a« f#ll©wsi 
«• Metals, iibaratterlfeA fey g©#4 #l#0trieitl ani 
t^»M«l ®oiiift®felflty» lad f#rwii toy %h» #o»biaati©n of 
fe# at©sffl ©f •l«»©ats.» 
t}» I©a£e #ryatals, @tiara.0t#i*i.s#4 W S®®-^ ioni© 
©oRdwetiTtty at Ui0i tmpermturm, atmng lntr&rm4 ab-
ndi^tioa tp^stra, »d g®©€ 03.»airag#j aai f©m®4 by a 
®«bi»ii,ti0» ®f blglily ©leetropdiitlir# Mid Mglily 
«• «ipy®t&l»i ©liamet®ri«®d hj po&r 
#l®otronle aad ioai© ©'OjawiutetiTityg. 0p«at h&x>4n&B9, and 
pmr &lmwmgmj aai by ©omMiifttieas of th@ ltght®r 
®l»i»ts la th® »1M1© ©f tli® p«rio€i0 dharfe. 
S-wi-esa^etors# db.ar*ot®rl«»d by 
17 
el®otr©file e&n&LetlTitf itiio'li IncMases wittei iaer©asiiig 
erjstsftlllg® »©g|; Im tb@ ioiiie typ# 
©f stareetmi'®, «i4 ap# g«ii®a»t.llj halli®#, oxides» sml-
©3? s®l#ai40s# fli#f diapla|- & ten&m&j t© tm&r 
aiiitioa ®jf and t& MBoh&f sirap'i® iral@a<^® 
3P1ll0S« 
•• sQliiij elia3?a©t@:pi2#i bj low melting 
aa4 l>#illiig p0imt$^ sM t&rm€ by inastt"?® at©w &mi 
»atu3?at«4 M©l(iemliis. fhmj g«i»p-itlly ®^apo3?«t0 in th@ 
fo» of s table »0l®«ml»»» 
Maay selld sswibstanees haf# pr©p«rti#» tMat owrl&p two 
©r aoj?« ©f tk#s@ ii@al types,* 01a®-aifloftti©ii i» mj om 
tfp® is tl»i^f©rii set a«ees®a3?ily tmiqn®. wmnj 
sutostiBiies ©asmallj jreferrtd t© a# solid ar© mor® mmurat9ly 
4ma&rih0d as s»p«i"e®#l«d llqgalila os? as g@li, so that tfci@|' 
ii©t hm syfl^qmatelj «lasslfi®4 mter ang- ©f tk# 
O©ii0.i»®t@ aggregat®# art usmllf aatmritl mlatrala# a«-
farrlHg to swoh mtwrlals, Fml&eh# jt, Jj..# ia tli®i^ ®®ir®nt!i 
©iitioB of IMaa's ©lassie 'Miaagaloigy.. stat# (20j| pf» 1,2) s 
Host mimmla hair© th® ioni® typ® of boMlng, 
tliat ii| th® iaterstoMie biafling f©a?e« #©naists 
©f an ®l®etj?®stafei© Afctraetlng t&p&m b®ti«®ii 
opfoaitely ©liarg®4 leii9« A wall portion of tl» 
total amb«F of aliierals lias a, met alii® typ® of 
boMiagf that is, th« poaitiT® ions eimmhrnA in 
a fi®M of ©lootroBs# fi» aatiir® ®l®«®iit« lof. th® 
*@talli® t|p®,| a»d p®»'la.aps oeiptain. of fe® «mlfii®s 
are tli® oaly sinerals tmwiMg this typ® of boadiag# 
M«m©ai|f sphalerit®, aM & aisfeor of th® tmlfi4®s 
m 
feaf® th# ii©®©pol&j? tfp® of bonding J tkat 1® th® 
afeons mm l»ii together lij thm eh&riMg ©f @1®®-
f^ea ito®!!# WAh tli« emmp-
%i®a -nf' til# metals smd a f«if 
all. «® pr@ieaimntsl,|r i©ai#, fkmm 
latt« li&i'® b#«ii smb<ilvt.i«<l #a tb® t>a»ia ©f tti® 
varlafelea ia tti® s|i3?«ii|,tli &f %fe© iJiMliig f&rm 
into CD ls®i#a»l®t. iZ) a«»o4«iflii©#, asii (3) «ftia©<S®s»i@ e©Mp©misi«» M©«t -ot th® 
(wit^ til® ®xe®p%l0:m ®f ®fc® -tiMi tbs 
p©lai».xompotmia) in tbls tolw® mm is©4®«mi© 
#«ip»miids, tlaat ii» tfe® stF«agfete. of tte® hm^iMgs 
•@f ttet® ©ati®ai ifitli tte® «ai®» »® jfimllfeatlTtly 
%to® aai n® maita w® fo»raad toy 
partiemliti* ®a%i©ii-.a3ai®n grtmps# M %fe® Bili©at®s, 
»« fe© fe® €®«®rib#d ia ?©liw® JIX, tto 
«ilieim-®jgyg®s b®ai.t» st»iig«i' %h.m th&t b®ti«9®a 
0xjgBn and th® otbe-r @aiji©iiHi, ».i %h.®j fall, 
tfe«F®for®, into th® s®#©ai iifliion ©f th® 
©iTStallochemioal ©lasalflaatiem. Cm®«©d®ii«ie|# 
fh® phosphates, sulfat®®# i^««ttat®s, «%©••, &3t« 
in th© third divisl©a («3^iod«wie)'h®©«as® th® 
Sr®«p8 mm iis©i»@t® mita in th® 
«ti»ii®tiir®.. All th®®® ar© gi?Qiip®€ in ¥®1mi» II. 
lit®!, in <iia©tts»isg th® dewlejpwnt ®f th® physi©al 
©h®Mis.tiry ®f th® ®ili®at®8# t® irariation is typ® 
®f h®niing a« fellow Clt, pp* 8,f|i 
Th® »oi'« i®tail®d tei©iil®ig® ©f th® orystal 
«tiw®t*ii?«s ©f aaay 0omp©tmdft 8h®*®d mmin&iMglj 
- that b®tif®@h the pwsly h®t«i»o®®lai? and 
th® purely humopolar i®oval®nt) hiuiiag in th® 
©ryital ©difiee th# transition aay 'b® ^admal* 
...la aapp'or't of tttia stata«®»t# ilit®l mf@m to famliiig 
(21) • Mor-teiug. lAWi the halid®®, famlii^ ®®»»£d®i»s th® 
^dsonane® stat®s of th®s« ilatiwil© ®ol®®iil@®# ahd develops 
®i^p®«sl@iig $m theto 'rarioms p«?®®atag®s of ioaie aharae--
t®p hondiis®* fh© Talses ©htained. ar® ihonn to- b®» a 
relationship t©' th® ©l®®ti»oii#gatiirlty of th® ®l®a®iita in-
wlir®-i, ®l®®ti»@ii©gatiirity b#ii^ ®th® p©w®i* of an atoa ia a 
w 
»0l©#ml0 t® aisti*act «,i«efer©-i» fco ifesdlf'*'. fhis • r«3.ettloja-
sliip is exwT@»M94- in tli® station (21» IS-l* .p. 69)t 
^ i©ai0 ®h.mm%w b©adiag « fx • m 100 <1) 
la liiisiai @ « 0#25 
88 Blmtmmmtifitf 41ff©»«e»# 
tt is ,iMieat«i tkat this 3?»3.atl©»8Mp was »©' evaiu&t®*! 
hf fittiiig m ftppropj?ia1s® emw# t© ealemlatet iralm»a 
%h@ 11, ffiir# ®1» md W* fh®«» Tal.m®s as 
ffliati fey fmXtm »® plottei at ®jp®m eir©!#!. m to grmpla 
®f Figa;r® I# arai tta,® mme- hj fe® efe©f# «qm.atieii la 
shiawa w a hrQkm Xtm* ll«#tfiia®gati¥ifey Talm®s 
t@ FamXing aMae (2%$ fw^M 11*3, p» «r® iiiid®3PXiii®4 in 
f^x# 1. 
4 Xat®f ®f ^ts am® r®Xati©iiskip it glf«a 
by G®ml«©n CiK fM« ®tt®t Hsanay tai a»ftti f®r an 
iiipipw#4 isatla®«atieal ®x|«*»s«i©ii of tfe® F«la.ti©»sMp @f 
®«pii,ti®ii cd a¥©i'® 18# «q 33* p* 
^ i®Bie ®iiara®t«.r beniliiig » X6|aE^*a^) 4 3*Siae^*3^)' (2) 
fhis @qmti©n is girmn. witla eewaemt tliat .PamXi»g*s 
squation i©®# B©t fi% t&® larg® @f %h& @l«etro-
a®gatifitj Siff@i»«ttie® .&!• wdXX* a®©tr©Begiifeiirity 
wlu®» ae®©rdti« to #omXs@n mi Fanl'ii^ m® gi¥®3a in fatoX® 
X., without mndwrXiaiaf. Sd© tafeX® is fatt#3m®d after tb® 
20 
o 
100 
PAULING 
l-l 
% = 16 (xa-xb) +3.5 (xa-xb) 
HANAY a SMITH 
i-t 
PAULING 
HANAY a SMITH 
0 2 3 4 
ELECTRONEGATIVITY DIFFERENCE, (XA-Xg) 
FIG I - PER CENT IONIC CHARACTER BONDING 
21 
fab'l® !• El@ctf©a#gatiTitf iralu#® of th® ligbtw ($m text f©1? • r©f03?#ae0s to Menrms.) 
M 
2a 
1.0 
B® 
3.*S 
B 
2»© 
§ I •© f 
3.0 3^5 ^.0 
la 
0.9 m U2 
41 
1.^ 
Si 
i.a 
f S 61 
2.1 t.S ItO 
K 
0»®' 
On 
M 
S© 
M 
fi 
l«:-6. 
f Ife f« 
C1.S) (1.6) (1.T) Ci.7) 
e@ 
(1.7) »1 (1.7) 
•Gm 
i iM 
ai 
Cl.6) 
S®t 
tl.81 1.8 
Ai S® S3? 
a.© 1.8 
Wb 
0»8 
Sp 
i.Q ¥ 1.1 
a? 
M 
ab M® «m 
a.$i ci.61 ii.4) (1.6) 
Bb (1.7) fd (1.7) 
4g 
ii;?) 11.7) M i i .n  
& 
1...7 
Sl» f« 
i..g t.*i a.5 
C® Ba 
^>•7 m. 
1 
B»® falm® a@#@r^iiig t# Qoulam m4 Fmling 
M 
ii..ii tmlMe ase®rttng !•© ?a«ll.iig, 
E (m.al -rajm# &b©t# 
\alm« a#0®J'Sl»g feo 1.7 t© Pauliag. 
% falttii aeeoritag %©• C©m1»©b, 2*k mmw4,%ng t© Panliiig* 
i 
11 
11 
& 
m 
t 
i  I  
o © 
I  I 
I ^ ^ 
•3 1^ 
en <-f 
« 
•w 
§ 
m 
c5 
•% K 
a 
"S 
« 
I  
« 
•i 
§4 
« 
4» 
S 
#» 
5 
© 49 
43 %4 
I 
m 
i 
s 
« 
«s 
I s 
H 49 
•«rt 
I 
m 
m 
I 
g 
m e 
J 
« 
f 49 
1 
i %4 
I 1-4 
d. 
43 
i 
I 
® ei 
J 43> 
S. 5 
« i 
i -a 
5 
I  
I  
I  
« 
I  
1 43 
43> 
s 
® p. 
m j» 
I  ^
m 43 
I  
I 4» 
4» 
|. 
"© 
i 
m 
J0 M 
»-i 
-i 
§4 
i . 
r4 
I 3 
i 2 
h 5 
5 
S 
5-
12 
*4 
» g 
5 ^ 1  I I  
•«• ft 
o 
4» 
s 
I 
J0 
8 
© 
% 
« 
I  2  
g 5 
4  I  
43 
0 
® 
d 
« 
I 
« 
m 
i 
s 
o 
§ 
s 
& 
§ 
4 
m 
I 
•3 
&-
U & 
I 
a 
Si 
$ 
% 
n 
I 
5 
ss 
« 
»» 
% 
m 
s ® 
*^1 
§ 
# 
« 
s 4» 
I I 
i 
r-l 
i 
i 
ft 
H 
P» ^ ja "o 
k 
m 
% 
1 
J 
I 
I 
s 
@ 
« i* 
I  
§  
*1 49 
£ 
I «rl
1 
® 
I  
«qi 
s^| 
s 
I I 
•« % 
I  
« 
I i 
g 
€ 
© 
"8-
s3 
£ 
•« 
,3 
I  
© 
i 
5 
« 
f 
f ® © 
i 
e, 
"S-4» 
« 
# 
® 
t 
I  
5 
s & 
% 
m 
*©• 
I  I  
0 
«s w 
1 49-
•3 € 
1 
• 
1 
« ei 
• ts> 1*1 
1 
I 
© 
m 
M 
i © ft 
.4» 
i 
I it 
m 
a'railabl®, ©East a.p»@®a®nt esamot b®-
at«l mpptlm ©ration cl| t© tb# wmm ©©mpl«x ®©ii-
l>o"®ias of i&« ailisatifs by tli® '©le'etwuegatiirity 
diffei»«ie© faltt® ©« tb# basia ©f tb,© 
ti¥lty valu® ©f til# eatloiM All ®f th® ©ompeunda 
with itoiob. b® Is eow#rB#<l at tlbtls f©i«t l»¥« th® singl® 
©lemeat, ©xygan^f m tfe® miioa, 
A oaaeis® ©f tii® eharacter ©f tli© iomie 
bijiiii^ «s©r®^ as it '©©emrs ,iii iiftte?al s@lld» 1® giwm by 
S»lts C2i|# pi>» 77*9.^)» E«f#wi»g t© fe® r®lati¥#ly slj^l® 
liali€#s, 8mlflt®»» ihrA ©xMest th® cslaasleal 
theory of ieiil® dipystalt i« d«v#l©p«i la t®i«s #f tlat*#® 
®fi«rgi®si m «l«:#to©»tiitie w eoialeMb f©r®®s} 
i2l i?«tttl«iT® iat®meti©a» aui C3) wltlpol# int@^aetl©a. 
fh# ®litQt»®tatie iat^raetloia en&vm t&r feif®»®l#itt®iifc 
crystal# 1«$ 
•"a.V* ,*r (3) 
i*® 
im yfeielii * ®l«et®>©st&tle i«t#i*a©tl0a mnlomb for®® 
«n®i*gy, 
» 4vog&#i?o*s mmbWf 6»02 n 10 '^^ , 
» Kitddlmg e.@iiat.aiit ia t#ws ®f 
•4. « ftb8@lmt@ valtt® ©f p©siti¥® lea etiarg®, 
ss absolmt® vaim® ©f ii«gati¥« it»m @liarg®, and 
= oatlon - aalon dtstano.. 
zk 
fl» Maielung eosiatant may also b® ©xf»r0»«®<l in t®3*as of tha 
©lib® root of H@l®emla3? wltm® m?,. for @m1&ie Qvja%ml»g tin# 
eiito® «dg® Itngtli# In malng the®® «xpr##»i®iis th® di­
mensional par«a®t®r is ptplaoei hj tli® app»li©afel» ®quim-
lant ila8ii«i©n, fypi'Oal valm®s of th® MaA®l*tng oenstant 
ar®i for laGl# %© » rmtll®, fi©2» « I^^SlS} 
and for ©orwiadiaaf ® 25-0312# 
a» Mpulfiv® iEteraetioa ^®rgy iss 
8 ^  (It.) 
ia lAiislii = r®pulgit® iateraetion mmr0f 
to, a, 85 ®apirioal eoii®t«»ts# and 
r « diifeane® ^©tw®®!! mmmt mlik® ioi»» 
flii® @xpr®»«i©ii i# dtt# t© Born Cin 2l|.# pm %}* Selstiag th® 
total ea®r^ of tla® erystal ®qmal to th® ®m of ©qiiatioiii 
(3) aM ik)» «i:pr®a8iorai for to and a aay to® d®ir®l©p®d, ®rid 
th® abov® »c|Utati@ns nay b® ©oHtbiwidt 
e =  " *  ' •  < 1 -  i )  ( s )  
in i^ietei 1 s= total erystal ®ii®rfflr» 
S<|aatioii i B )  is a st&t«M®nt of tti® elaaaieal theory# 
lowoTtr, th« i^plioatioB of -(Hianttta ®®oliiBai©.s to intorioni® 
f©r©»s lias indloatod tliat ©qmation Cl|.) OiOKOt to® rigorously 
@orr©ot» Born and W&jer (in 2k$^ ©Mill li&¥® rt^laoed 
tM» «<pati®n by m ®3Epr@9«i©n of th® typ«i 
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a6 
fti© fcdtal ®a®rgf of th@ abov® outlined teiWj, iisliig 
tbe fuaatOTt aaolmniea «j^r®s»i©n for r®pul»lv® iiit®i"aotioii 
©neFgyt is ®j^r®ss«4 in tfe# BeMt-May®!* ©qiiatioa. Values @f 
til® aapsupat# t«i»»,» aii.d th© l;®tals# &r® giv#ii fea? ¥a3?iom» 
in fatel® IXIIj p, 88, S®it8 C2l|.)» Th«s® 
t@g@tk0ip' with tht •3|>«riiii«»t&13.f i®t«miB«4 ®B#rgy from 
fatol® Mlf# pm So, S«it8 ar® listed totlow for aodiiM 
©hiorii® wbiela, b«ea»®« sf it® wid® omva-Timm aiii «xe®ll®iit 
•®©»foi»®a©® to typ®, is mm of tk® aost ©-ralmatod 
minerala ©f tij® i®»ie ©i^atal elatsifieatloa. teergy valrn®® 
so*® ®.3:pi»®«»«<l is fc:ilogi*« e«l@i»i®8 p®r a®l®« 
M&Melwagt ®r ®l»@t:rostati@ int©rit®tion 
©ii®rgy 
lepmlsiv® i3at«r«©ti®ii ®nei»gy 
vm #es? Waal®, m fiip®'3#-dip®l® ®ii®3?gy 
bipol«-*<|maii*ttp0l« ®n®rgy 
Z&T& peint ®r®i»gy 
f®tal 
:^®ri»ntally d®t«rmiii®d ®.ii®i»gy 
fh,® pi*ltteitl«8 of fmantim »®eliaiiies aa tli®y r«lat® t© 
til® (Mme-mtm ©f Talene® b®aiiag f©i?e@s ar® ©mtlinei by 
0»rt»®3.1 a»d F©wl®s C?K ®i® fundamental eon®®pt Involvod 
is that ©f th® ®»®rgf quantwmj, which waa f03»»iat«d by 
flanek ia 1900, and m««€. by him ia d@i»i"ring an «x|Sf®®»i©ii 
for blaek-bMy raiiatien. fhi» mmm eoosept was m»»d toy 
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AmtmrmimA by ffet® raetlio^s of ®3?agg C5)* A- v«l©'nse crystal 
m&i m diaa^M Is f©isii to fe&v® ]p#latiT®ly ®l#etron 
a©ii,sitl®@ to®tif®@n mtmm. An lonl® smeb, as «odiw 
0lilo3?id« sfewfi l«pg® ap@as ©f i»®littif#ly Im #l®et3?©B 
ti®» h&immm atowi* ^wtss, itoefe is iiit»y»®diat;® fe®tw«a 
tli®0® tw© typ# erystals la h&nM.n^ @l»3?aet®pi®tles, .shews 
«{»® int#rp#u®ti*mtloii of «l®etr®ii sfe®ll«i, t@g®th#r witli 
s©ffl» ©f i©w %lme%Tm ddaaity. iia, pp. %•?) 
^©yplions mat^-ials 
tii aMitlm t© til® fit® typ®^» ®f #©lii« m ela»sifi®4 
by S®itEj, tlier® ar® tw© ®tli©r gi»©mp» ®f imtaral aates'ials 
wfeieli may hm^ sttb#taiitii.l itrm®t«i.fal stability# fli@s® «»'« 
tfe® glass®# aad tto® $,&!&» 
f®'Ctoii£sally# a glast »ay li® d«»erib®i a syper-oool®*! 
li^id. W&m th® <a#fl.iiitf®ii» ®f tto.® ®ry«talli.ii® s©lid«# 
tbis mma t^at tli® at&at pr«s®at iia tb® gla®.® ar® rani©® 
ia ©3?i®atati©a, fii® licpta }»i @®ol®«l iBt® th® s©lii stat® 
Mitliomt opportimity for of»ystalli«ati®a» farioma radicals 
aay, aui in 9m» mam» pra@ti#ftHy always i© ©eeuj? as dis-
tinot f©ri»i for ®je«pl«, tb.® Sie|| gromp i« te®l£®f®d t® to® 
pr®s®ist @v«i ia »®lt®n silieat® gla»s ,Cl2,. w* 251)* Mow 
®rm0 tb® p«ri®di© ^®gttlfti»£ty #iai>tt©tei?iz®s tb® 
tryitallio® aat«rials Is «b®®at.*- ®tm in tb® ®t««iitially 
par® SiOg ®©^©»ition ©f f*is®d iiliea# 
m 
SI®as m&m>M in liatur© m ©bsidlaii, a 'ipapldly aooled 
silieat® T@J.@«ai© r©«k of vafyiag ®oapositl©at aay 
f©i« %lje ©Rfcli't® ©f a of r©ek, ©s* tli® intarstifeial 
aatrix ©f & pa,3fti&3,l.y ©rystalliu# b®iy. Obsidians ar® m% 
g»©3.©gi®ally stabl®. ftmj %»ai t© fom ©®iife®r8 
®f ®ipy#talliaati©ii abomt ^i@h. tii® prsaent fcak® tip 
3»r® or l®«s 3?®gal.«? erystal pattorna. ' fhia taa® ptitnonenon 
it ^s«rv®4 in ©ii iiaa««ai# gkm&g. ®»p«eiaily it fci&a 
b®«n amfej®et t@ th® a©%i©ii ©f gromM fto,® prmmcm. 
©f mlkalis »«y @.1»& M&4 t® a i»®lfttiT®ly rapid 
©litaieml aatiou with lilie glass* fl»«# ©haraetaristies of 
gla«« a&fe:® ife «»mifcal»l® fojp a p®M«nen% ©onertt® aggyag&t®. 
Miysisally* a g«l tiffefi from & gloss priaeipally in 
ita m&w»F €«? f@i?»ii.ti®a. <ll*«.»«# ss2P«i &» & ^1®, tli® 
of Ife® ®©@ling ©f & 'miiss. §®ls mrm tto® 
,pr©4ttets of gelation.^ '^iofe ai^y b# dm® fe© saoli o&ma®® &a 
lmrmmB0 ©f mmmtrmtim bmmsm ©f ©vaporatiom of a liqmid 
pha®«p «ii«ai®al pj?®o4fitati©B of a ®©li4 p,Ma®» of alt«j?at;ion 
of phM»9 #tability dtt« fee s«m® ©tfe®*- efasung®# amoli a® eboag® 
of ®i« g«l is imitially dli«3?A6'fe®i?iz®€ by a 
3r««ia« ©yientalsioa ©f f&rtiel®a ©f a solid pbas®, iatas-eon-
a@@ted fetoo^b and ©ij©losing a iiqmit phaa®. 1te» solid 
plias® *y b® looally »®l®eiilai» &r ©rystallin® in ©haraeter. 
A® tb® g®l wa^megmm »fnmwm»ia ih.® awangememt aay b®©<w® 
vmr& »@»laPf. im aont' ©a®®»» in tla® format ion of 
30 
©rystallin® «as»©8. In ©tliei* &mm th© r«nd@it ®rl®iitation 
p»rsiats# i®ii8©z» f©jws of ©pal# for ©eio^I®# In wMefe 
ther® Is ®s«®ntlallj a© mt®rg ar® In mmf wmfs 
to glass. 
But ©f soli aa€ g®l» by e©ai®ns®.fei®ii w pr«-
ell»ltafcioii fr&m s©lmti®ii mpom a e©ii€ltl©ii ©f smper-
y&tt of pr«®lplt;ati©» m4 th® •ehai'metw of 
1ti« p3r®©ipitat0 ars fat3®ti©ji® ©f tw© v@l®©itl@s» fl» flytt 
of me Initial v®l©eitf @f ©#iii»aiati@n ®f 
©I? m®l«it.tt@nt 1# @.x^m9&4 hy tli® Von ¥»lafy?a ®qmati©ii («t 
(1), (i), aTfef P* 3L36|i 
in nM®!!! M « imltial ©f e©iia«iisati®B &f att®l©i» 
1 * #M|siri«ial 
J » vapiabl® «ltipli®rj, tliaa following 
fikst©r»i 
^ « total «one®ntration ©f smbatan®® to b« 
pr-eoipitatet# 
li « solttbilitj of ©©«!!•« 6Fyst«l## 
f e absolmt® smpewataratloa., ibi4 
1 « F/Ii » p«i»®®iitag« sttp©»'i:ftti»&ttoii. 
fii« t®3« I mmwMta for s«©li faotoys ajt th« iri«©®«ity of 
fh® Feaeting a«ttwa, tli« Tariatiom in solmMlitf witli tli® 
si8® of ppimrj paptiol®#, polfaerisatiom ©f tto.® raitetiwit 
( 7 )  
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«©l®e«3il®s, Molftculax* eoapl®xltf of tla.% mmt&ntB, adaorptiem, 
p3?®s®a©@ ©f duat parti©3.@Sji ©xtfoil ©f citation ©a mlxiag, 
«p®®ifi© t#Bi®a©f t© f©r» md specif 1© fe©iii@iioj t© 
g^mr en 
##©©iid wmlmiiiy'0 tli® ii-®l©6ity ©f .gr©if%li ©.n m©l®l| 
i« hj  tita« -  f©y©« ©(pta^ioii i»q  (3 )0  27bi p*  
1311 s '• ' 
f » § •• 0 • cq i») c8) 
la iMi&ht ? « wleeity ^ grewtii ©a am@l©i» 
P s! iiffm»i©m ®©®fflei®at» 
S * |iMetoa«iis ©f filw# 
Q » ®3sfe@st ©f swrfae©* 
lqaati©a i f )  @x:pt»#8a#« tli# '^©letlty ©f iim©l©&lsi©n* 
fh® eb»a©tin? ©f tli« 4&pm&M w^en TUlmea 
of hmth. til® ab»®lmtt »mp«psa'bi»ati©B F» a»i th® p@mmt&.g9 
smF»^!iatm3mfei©a f • f/l*# If f is ]p»latiT®ly smallf ^iaarets® 
©rjgtalllii® partiel®# %© h® f©3?m®4. As f to®©©ia®« 
l®.3^©rji. fell® ©spystal f©»» li®©o»® »k®l®%«lj, and finally giv® 
flat® t© .«©lit i«©i»pli©mB fr®©ipifea%«®|,. ©r J®lli®8i. War mj 
sp®©ifie plias® syst«ip a# %hm v&lm® ©f f in0i?'®as®®» fcla® 
W « f/h valw will inefftas® ©owetfouiiiiglyi and tlw ir«lo@itfy 
©f pi»«©iflt®tioii will im©r®ik»e« fli® r@la1.tir9 Talu®8 of Q 
«id li will-indie&fc® ilb.®tli»r a g®l ®i» a sol laicy to® ®xp®©t®d* 
If tb© solubility is higl!, & s©l ©aimot b® ot}ta.iiie4p sine® 
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fabl® 2* Iffeet &t eoneentFalsion ©f reactaBts on th® 
0liarft0t@i' of bariw smlfat® CI» « O.OOt 
lomality of 
l.aCe»S)« aai 
»iS©l^ 
? 
" - 1  latw® of pmclpiimte 
0,00005 
O.OOOlli. 
0.000 t© 
0..006 
0 to 3 
lo pi»«eipit-at# ia a y#ar* 
Hi^i'Qei^stfali wmM b# 
ia a f@w J® Bra 
md fmm 
Imge amnnta ©f s©lmti©ii. 
O.OOOlll. 
O.OOlf 
0,0'06 %® 
0,094 
3 'b® 1|,8 il0ir pMeipitatlon at ¥ « &m li§a«at»f s©l stag® 
mt 1 « 25» e«^i®t® 
B@pm&$i0n ia moatlis to 
hmrsrn 
O.OOIT 
0.7$ 
i*0f6 
I|.3«8 
lj.0 %@ 
21,900 
0^»ts.l Mk&l0t&m and 
n®e41&M pr«@ipitat® in & 
tew io0@M8 at W a l|Bf 
i#f©iit tMs iiistfimtfitn®©iis 
pr#®ipitati0iii, G:i?ystal» 
hmml-f i?@e©giiisabl® at 
t » 21»f00»" 
0»7$ W 
3*0 
I|.3»8 m 
175.1 
21,900 
t© 
87,500 
f3?«elpitat®s, wMeli 
.i^p»#ai? a»on»li©t48, form 
iB»«itat«lj* 
3»0 t® 175.1 t© S7»500 
t# 
2C%>,50O 
CSl»ar e#lliilap J©lli«a. 
?•© l|.09»O 
3?, m%9eT |27b), p* 13® 
3k 
m + + 
y -O'H 
^ 
H'O'  C u  :d :H  
• • • • 
\ .. yh 
h : o :  
« • 
H 
FIG 2 la) - THE HYORATED CutHaO)!"^ ION 
+ + + 
^0 Fe 0*^ 
HV y H 
0. H_H + H H ^0 
H 
H 
^ 1^6 Fe OH + H + 
0^ H_H 4-H H ^0' ^ 
HO Fe 0H + 2H + 
-O-^ H 
H H ^ 
HO Fe 6h + 3H-^ 
h^h 
HO Fe 6h + 4H + 
• 0 '  
H 
FIG 2(W - IONIZATION OF THE HYDRATED FelHgO)®"^ ION (ONLY FOUR OF 
SIX HjO MOLECULES ARE SHOWN) 
FIG 2 - ION ADSORPTION DIAGRAMS 
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l@0i!#3Es«^ and tli® 1afdi»at©d ion ba®0M«# asidie. fhia pm&mM 
i# a fewi© ion ia F£®ai*® 2Cb), 
Onlj f&m? of Mix b^nM v&tsr woi©®iil®ii »« 
®!a0ifa# f&d i*«a«liii»g tw© womld to© loeatai alJ^T# m<& b&lm 
f«i»rl© ton. ®i» »©Tife3?aX i» unsfeabl® m4 
tmA§ t& p0lfmmri»0 idLth Ima &t wat®3P* 
la all «n.ol#g0tts mitaa@r 1^® ion will smy*-
i?©md«<i toy f©w by^scojsyl groups, md my also a<i«©rto tm 
IgO dipol®s, Si» aemti-ai SlC01||^(%©)2 i# mU& mastatoi®# 
lai pol|w»»i«eii la tli# m&mmp laili#&t@a tetotaatieally in-
fipir# 3Ca) C34# Flgor® 15» $&)• ffetii pro@®«» l®a€» to a 
»®ss liak«d Mgh pol'pmr #f ti» ©'eiipesifelsB §^^2* 
«i©fflbii»i OH aM Hg® group® womi fell® a&rgiim#. .»©hL®iiati©ally 
iiiii@at®4 in Figwsr® iCto). Mp®n<iiMg npm th« ®f 
P3?«®ifita1ii©»i ©rystal f&rm m&j to# that ©f ©pistetoalit® 
C9f w* or cpartu {6^ p» 6?), 
Setting a»i Haa?4®niiag ©f f©i»tlaii4 e®ai«t 
«®lativ®ly F#e®iat x-r&f #x®»imti©)as» an# 9l®et3Pon 
aioreseopy and 'diffraetioii sfeaidi«« iaia^at© -Siat tbit 
©ptieally «oi»plio«0 g@l »aa8#s ®f tlis hydi^atei ealeliia 
sili«at«® «r# aetmally «ief©«pyttalllii® ia strwettt^i?®. H©*-
partiel© sis## ia tb© ©3?i©r ©f 85 t© 10© 4 4^©'ii-
si©ii, is tto.at of e©ll©iial p&a?tiel«s pp#s«iat in saeii 
Mat#i*lals m pw© sili©a g©l m ©rgasai© gslatia®. 1&® 
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C) 
O ^ o  O ^ O  
 ^Q ^   ^ O C> 
0 * Q * \ a . 0 / * Q  
•  O O O  ^  
Si 0 OH H,0 
o-^o^o oF6\'^J^ o 
• • -*• •-0-* -»- •-0-* 
°o®o\^ °o,o\o OQ O? 
Q 
FIG 3(a) - POLYMERIZATION OF ORTHOSILICIC ACID 
qO Oq QO Oq 
o P  P - ^ - P  Q o ° o  
_ • •-0-* •—• 
 ^b d b b O ^  Q 
o*-o-*a o*"°"*Q 
FIG 3(W - SCHEMATIC REPRESENTATION OF CROSS LINKED SiOz POLYMER 
(ONLY THREE-FOLD COORDINATION IS SKETCHED, FOURTH 
OXYGEN WOULD BE ABOVE OR BELOW CENTRAL SILICON IONS) 
FIG 3 - SILICATE POLYMERIZATION 
) 
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mrtmrn of tli® s®t mass is thus tmwy larg©* 'fMt larg® 
sarfae# ai»®« h&» m affeet ©a %Ta@ p?©p®i?tl®« ®f tb® 
CteMi ©f %!:» s«v®r&l n&twal fefirems siliiiat®»j, 
wM@li Ms b®#ii 8tttii®d in ©©i38i<S®3?«l»l©^ a®tail, ia afwillit®., 
ais® r®®®ri®d as a pTOiiiet ®f Portiitnd mmnt 
©©aaiti©fls (17» p* 3.85) • lias tb® foiwaa 
50at*2Si®2*3l2®, iftiich ®ay |»® »fem®tiirall3r in tfe® 
tmm fhy® itrttetmr® ®f thm ¥iwial oiT-stal 
®f t»M«. »ats®r4al i# .sls®t®li.®i ia Ftg^® The ©arygen 
i©ii»i, hyajcmyl gr®mp8.j mi mM&r «®le®m3.®« ar® not diff®!?®!!-' 
tlat®i» Hi® tetralMtomf in this ®aa®i, Um& to®«a 
ii«tm®t as tiffe, 282) 
fti» @al®iia alwiiiat@8» ®al®im aii4 ®al®ittn 
t@Bi. t® lAf-gtsP »f»tal foiMs# apposing 
til® ©ijti®al im. ©oMitisas m dia-
©p®t» eryst&lliiii parti®i®ii of •rwlom® ©hafaeteristie pat-
t®»fiis» alth^ugb 8«® ®f th® ealeina al-naiiiat®® ax*® ©harae-
t«ipi«®<l by smovphmm g«l strwte'®® lUMi®** msitai aapiifiea-
tioiii. Qsl®%vm it alao i»«l®aa®d as dist.ia®t 
©fjstals ia th@ bjdfatloa ©f ti»i®al©iiia »lli©at® aiaA ta?i-
©alaiiM alMinat®* fli»s@ fflafe@3?ial«# tooth Is tmrm. of p®f» 
®®iitag® ©f aat®rtal ^ pr®«»»t, mA i» str«®.gtb. <i®¥®l®f«<i| ar® 
pFObf^ly l®si tigaifioaiit tbaa th® oaloim iili®at«s in th® 
pip0p@rti®« of th® lia:ri®.»«4 i#atei*»0i«®at |>ast®. HoKfav®!*# it 
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^ SILICON 
CALCIUM 
OXYGEN, HYDROXYL ION, OR WATER MOLECULE 
FIG 4 - AFWILLITE - BASAL PLANE 
AFTER MEGAW (191.) 
3f 
is signifiemt fcfeat ttw pvmma» &t tli« various ioni of 
e©«p©mds la th# mrtitmmmnt ©f the liyirating, 
will tim .©^pilibfitta df tfe® pos«ibl® <^4 
pr©<im#t»» It ia alf© faii^ly i»ll %h&% nwrnrm* 
«®lii t©lufei©ii plm«#s «xi«t i«®»g tli«s® T«3?i©mj| 
©©apimais. 'Cii,, p, 57i-^6f i7» p# 3.70*125) 
Imm Hi) toas s®%-tifig- isud liai*d®aiiitg 
pr@c«ss®s ia ©ntliii® tmm tmm^ %w© point® ®f iri«w. 
hydration @f mmmnt is sek«s»tieally r®p3?®»«»t»d 
in terras ©f th® ©li#»liial ©©^smuii «iii »ia@Fal©gi©aily 
atabl® ©Hi ia fabl® 3, ^Melt is 3f®]^r®'4m©«<i fr&m 
208# I|#& C17I-# stag®® I, la. If# 9M If a li®l©ag to th® 
©arlf «ia«ti0a f®ri®€ji f®Il®w®i fey stag® II* Stages ? an-i 
?a will net ©obwm® mtil all ©f th« ,gyp»m is tts®d tip# a 
aattar of 8®f«ipal feews* HLaally, stages HI, ?I, ant ¥Ia 
ar® w@rj »l<m F®»©ti®as, f@i»- wlaiefci ®®^l®t®ly <ie8©i»iptiv« 
«vii®n@® ia n@t availafel®# 
The setting# liari«Mii«, ani aging pfo®®®®®® ap® 
#®l3.«aati®ally r®p]p®a®»t®d i» t®ra» @f pl^aieal systeais a»<i 
®©aiiti©as in fatel® %» i^i®fe is i*«pi»®itt®®a twm& pag® 22k, 
Ii«a (17). ®i« ehmgm frm atat® I t© »tat«s Ilia aad 11335 
tak® plafi® iMwimg th® sstting ps»«»®«s» • It i® poaaill®' that 
an initially hytesus g®l is f©w®4# i&i®h tli«ii. iMai@i»g©«» 
syMi»«si® with th® s©pai*ati®n mt ©f vmtmr t© f©i»M th® Bi®ta» 
stabl® g®l ©f Stat® Ilia, Mteraativ®ly, it has l>«®ii 
fafel© ©«i#nfe 
2eaO#-Si% 
I i Sl®if 
2€la«*Si#2*«t( t) 
14 i 
20&©*St§g»attt) * ea(©H)2 
mt 8ai©I| 3amO' • 2Si§. 
F©«sibl@ f©i«afci©a idwia©iili©at®s mi 
®f s®» siXiea pasatog lufe® th# «i€# «®li4 
i^Xmtiens 
l|.SaO*AX20j*?®g®j+0iy5©|^*2%O4^a(@H|2 
If I If4 | ^tete 
I@©il®s 3-6af*4Xg§3*30aSO|^*at l##iX®« 3G'a©-AXgOj*3Cait||.«iMi 
y I mi 30a®*f»|0j*3OaS©|*at 
I # pf^bablf m s©XM a-oluti©® 
H«xaK®»aX' plat!® s©Xi4 -SoXtt* • ' ' 
®f 3S&©*AX20-*011101, •at «®xag0Jial plat® »®Xld s©XiHs£@iis 
30.0.A10 . L U ) ' « ,  
,  ( f |  «€  3CI« .0*SXo@t*®ai®H>«* .a« |  
Vl\ VIA/ 
X* S.10« froa stXi©at»s / 
m. i 
lQg ^3?oa ^
Ki3e®t l»j:a®©nal. pMt® , s©Xid «@Xtitl©ns dt 
3Q%QUl2^p. f®gO|^ea( {©l)g, im^, ( nm^} )at 
Il.l 
Tabl« k* Setting, M2»d©iali3igji ani ageing of Portland .6«®©nt 
J lteliyirafc«4 ismmmM 
I 0©atyift0ti©n wMl« plastl© 
II flasti© aasir 
Sipaiisi.®B 
#!#» 
Ilia IfetftstAbl# @f ^.jrystals Illb 
IintmewBlhlm stelnlmg© 
\ m 4rfing 
t f  Sfcafel® g»l 
vwatw 
wmt®f 
»t0i?Ag» 
atooir# 
#ei.l©i4al 4i»»:ns.S,oa«t 
liyi3?at®4 ©aleitiM 
aliMlaat® tafti 
sulph#-al«ad»at# 
m,teT storag#. 
? protuetjs of @©aj?.s®r djteansl©!!# 
smggesfc^i tMt tMe ealciw silieat® g«l8 m ©Figlnally 
In tli». hj^mtlng &0mmt wm»» art la a foam mGV& 
%•© tliat hj a sllieat® g«l ©nlj aft®i» 
syiiftresls. fmrj' poatiblj a e©ai>iMfei©B of thea® pi»o@«®a«9 
Is pa?®»«at* 
Stat« tf of fabl® l|, ©e«iys wli@n ttoi# »«t e«®»t is 
allowed in air, ani aaj »®t to® f^lly pr«s«iit in ®as» 
®f ©©Gfelamotii wat®r storag®# la tMs latter eas®# it Is 
pWQh&hl® -febftt tti® aetaitabl® g«l of state 2IIa p®3?si8ts# at 
least In part, laitil tli« traasforaatioa to »tata ?. 'fliis 
latt«p ©feiaag®,# fr« ©itlier stat®» III ®r is tli® »l®w 
®f »ti®®8 III# ?!., md ?Ia of fabl® 3* 
^fli® •boating tog«tfe®r ©f tlie inaiviteal parti«l®s ®f 
tbi Ijyiratiiig @®ii«ttit fatt® Ms feesu «,3i:p2.ai«®i ia tw® g®n®ral 
fb© first, r®stAt®4 in r®®®nt year# fey •Sagliali 
warter® <!»©&, 17i p» 223)# i® «as®ati4lly an ®xt®Baion of 
tli® int®rl©6kiiig erystal theory @f 1^ caaat®li«r. ffci® s®t 
®««nt ia pietarai &a a matt®d f®lt ®r masbwork of ©alei«» 
silieat® layirat® erystals ©®ijaisttog IMi^iitially of foils 
©r Tlhh&m, Thm% grow omtwaM £rm tfe® liyirating ©iBiaiit 
grain, an.€ b®#®®!® f©li®i ani At sot® point® ®f 
eonfc^aet botiM®«n tfe® ery®tal« grwin® ©ut from a<ijae«nt 
®««@iit grains thsr® e^iat similarly ©riantsd lattie®®, a© 
tbar® ia int«rgr«itk hj »@lid itat® r«a®tions, aM a 
i«Mi»t t0g®tli«r ®f tla® aaaa. ®i« mwiabar ®f smeli ii»l€s,. and 
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grutips ©f 
ft® ©f s.lli©&t;» stmetttr#® a» ewreatly 
masidrstoM ai»® bas«4 ©n t!» ®bserfa%lea that ©u© aill«@n 
mtt&n p?#i©alJBgyntiy ©nt^rs into t#t3?ali®iral ®©»<limtioii 
witta. fsur ©xsfgm wiions, f©miiig & tttribe&rpa sl3.ap«4 eoa-
plmx «ii©ii CSi§|j^)^*. &is anieiii© gpmp m&, ®sp®eiallf in 
tl3® %m ^$jmns%&mX aa€ tin® iJji^nsioiml ii«t-
werte#. ti» s,liiiiar |Ai©||^r aaiwi© gr&np, 
t&m th9 b&9l& g^&mMe tomlMiag felee'lcs for silisat® stru©-
ttir«a* ^fli® gmmwml mlm hy Aieli th@s@ ay# 
feowfti t®g#tli«r ia mmplMX wem 4®¥»lop«i l>y ¥. i. 
Bra® i$)» th® t#triti®ira ar® Joined at ©or* 
n®rs #nly toy fell® pmmtul S1»0«S1 or# alt«r» 
iiati^#ly, iia tli® aliaaiisaa silie&t®#,, by ttos alaoat. »qmally 
poif®r,fml Al-O-Al hmi. 
On '&» ba»is ®f tk® laifflbia? ©f t®trfihi®tra wtiieh 
ar® li»&®i t©g®th®r» th®«® itjroetttr®® ar® (slasiifi®^ as 
a®®o«13.i®at®® Cl»®lat®i t®tr«li®<ar®a»)i stwosilieatea (t®tra-
itt pair® p. ©r trig©aali aqiiai'®, or fe®«agoaa3, riiags), 
i»©«i3.1#at®a |t®trili#&»©»8 in singl®, i©mM®, or* in rar® 
©as®®# tripl® Aains'lt pfeyllosllleatas Ct@trift»®dr0ii» in tw© 
iiwasioaal Bhrneifm), or todtoaHieates (t®trah®to©ns in 
Mir@« €iw»3S3ii#ml udtwerka)* S. tanicp® e©»pl«x of a e®ntral 
t®tr^afe«ir®n witli a t«ti'ito®dp®n link«4 to ®aali eorn«r o®®urs 
in sswnytt®. 
15 
fto® fiuiiiraieatal ailleals# Is whieh 
aa 4 'Bmr& &m irwpiouis foms# 
itftbl® aaier diffewat maMti&m* f&rm itabl® at 
mdimrj mA ^rmmm is mtually d®slpiat®i m 
ot -.qmarts. fliis ti»aiisf®»i int® tiaa »©r® 
^ •tmartz at 573^'0.* ^it e®!! tli« ^«»g©iial erystal 
©r t# la Hpir® 5* erystal latti©®, 
btiwg @@iip©a#<i @f «iii©oa.«ii 03qri®ii la feb# proportiens 
SiOg#. I.'l3il®a tegfttk®!* la a tte»® ii»®ittal®nally ©ontiiKioma 
n^wmk ©f CSl^) t®t*»A«irai, Is ste®ai@m3J.j l>alaii@®€ m€ 
It 'liai tfe® liigliest p®i»©®utage ©f 
V:ftl®Be® l>©iiiii3g &i mf #111© at® ffli»®3?al ©©»jpa.t®4 In this 
steiy «ait iiltli ©n® ®3ei®ptl©nt »agft®»lt@:» th® M#t®»t valeao® 
b©iMllf]« mf mj mimwMt Sits® e©nsid®*»®tl©a® offer 
m #xpli«Ji.tl©a ©f lt« if®ll tomm rlglilty, ls,iyp<to®si» ana 
r®«lstm®» t® w®mtli®f^liig* 
rnhmiMwa. Itus ar® siife®tltmt«i, tor alli©®ii l©ns la 
'Wm t®trA®diFa. ©f tills lattl©®# tli® baal© wai% Is ilst®rfc«i 
so«®iii®t hmmsm ©f tli® larger <ila»®%®:p ©f tli® alwinrai lea. 
f®w%mps aor® tapesptaat, lii® ©ii®*le&l ®q^llll>flm 1« ilsrnpt®d* 
Ja tb® si^3.®#t ©as® It i® 3?@»t®s*®i ly fe® l»©©x»poratl9ii ©f 
alltall afttl©B« loemtsi la th.® lattl©® lnt®i»«ti®«s in e©o3?« 
ilnatl©!! wit1& th® mBl>mlami©«a «»l©*tl© ^mgrn ©f th® 
ftoi tk® pl.a,gl®6la«® »«m*1«» ©©ntatos 
vaeylug ps»©p©rtl©iis ©f »©dim and ©«leii»» irad @3?tli©elas« 
SILICON 
#) OXYGEN 
FIG 5 - QUARTZ - UNIT CELL, ^ FORM 
AFTER EITEL (12) 
potasittia* On# #i^lslii ©f a unit @«11. of 
f&MMpmp im %h0 M#i #afii€iae form, 
is iti tigtip* 6, Th9 mlM%S,v@lj iiffaa# Mnding of 
fe® alteaM #ati©as Immma th#» wifejedt to rtnoral toy .«©!»• 
tioa^ Aisto'rtioa @f Vim • latfeie# its rigidity 
wi fh# fsMspafs m a at® not «,s hard m 
iniA m® !#»» dwabl#., g®ol®gi©iilly spelling. lfe®y 
Its'®, mm 1^® ImB,. g®oi #onisi»®t® sggi^®gat« aatairiais «B3,®»S 
»i»® ^Aifitatiens ©f tb® t»eto«ili®at® lattie®, 
ani: pli^,3.1,o#ili©at®®g iii«»ili®at®gj|. aorosilleafe®®# aM a®s©-
iilie&tas i»To3.^® «ii,4 ,»0j?® %M&mt fr®-
qosutly ii^lmiiBg ia?#n iuat ani aiditioiml ooioii®, 
&VL&U &• Wm «mlfii®s, tealiiesi einftooBates^ ' ml kyij^ayl 
io»« mmmg tfci# a®r@ «iij®3?al» %Tm BtmeMrml »€ifi-
eati®at .®f Wm crystal latti®® arising fmm tla®»® smbstitm* 
tions ImtiM. to imr®«»®i aoliibility* i®eF®as®€ liarto«»s, aa4 
g«eyally ^®'#i@®€ «itt?ability. -ftet t^stailisa® silieat®® 
©ttitf' Hitii ^a3?t« saii f®Mapia? ar® i?®latiif®l.y 1®®® ia^iertant 
a® ^gregat® fflat«i»ial8» 
m ciaalifieatioa ©n tiii# g®»®rali8ati©ii mat 
h® in aaay iE*®gi®'iis t© ®®T®y tli® loeally aliiiiiiiit el4ei*t 
i»#©tei. ffit®^t# a »i#3?©®i?yatailiii» varimt of siliea, is 
oft®» m iap©i?t«it »sit*j.a3. mafcarial s»®»alting^ tmm tb® 
iif«atta®3Pi»g @f itoeston®* fb® ®tm©ter® ®®B»i»t« #s«®atia3.1y 
ij.8 
SILICON OR ALUMINUM 
OXYGEN 
POTASSIUM 
FIG 6 - ORTHOCLASE FELDSPAR - ONE-EIGHTH UNIT CELL, 
SANIDINE 
AFTER WYCKOFF (31) 
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I BkBt&'h ©f til® •tmit i»l3L©fflte©b.®i3?oii of saXelt® is aboim in 
Figttjp© 7# this a#%if©i% is l#«s ri0.4t softer, md l®a® 
Awrnbl# febim %b,©s« Joiswi by tk# r®lati¥@lf stronger SA-O-Sl 
or A3.-0-AI. te©al«» 4s a r@tm3.fe X4»«a-fe©B© mrbit d© aot 
faaf® til© Btrm^rsCk n^mrngthg feaMaias, and resiatanc® to 
•|3«atli»iiig ®f <iiart« iiii f©M«par«# l©^f@r, wljem m% 
m |>©roti« m» t© less© all, &tr§,ngb>h$- ©r «© ©©atsaiaatiii 
witM mai©«irafel.« l«pttriti©» atieli m Fi^lt© 
«ii©j!^-li®mi: m t© i«f«l©p iiiiMl@#iralil# ©Ijinai©.®! ©ff©©ts, 
tti®f ar© g©©i ©©a©r®t© a®r©gitt» fb© ®l©s®Iy 
r©l&t#i «i®al>i© earb©»at© aelowit® Oa%Ct0j)2 ais© f©ws a 
g©©i @©»r«t® agp^gftt© mtdrial,* It i« @ft®ii l©©,s®lf 
r©f®rr®<l t© ©# l,iii®st©ii© ©r aarlil®# 
,ittrf©9© mmBmrnwrn 
Cl©ii8li©r&ti©« ©f tl» teoMitig ©f til®, 0«»@iit i>ro#i®t« t© 
Wm affir@iat© smrfat© iKf©lv®s ii®t ©Bly tb© ©to®mi®al #1©-
mmt» pr«#®»45 on tb&t surf a©##, but tli©ir ®3Eaet.plf»l©al 
arrw&g«ffl®fit at V®fl C^S# f, ill.?) 4is©ii»®©8 «urfa®9 
pb©B«iam in s«» witk p&rtlmlmp' att®Bti©» t@ 
^martss# ftis©i siltsa# «ni g3.«i« m ©»y^3©8» fte,® surf a©® 
fli®fi®«iia ar® ®©Btii«r©i t© to© g©¥®m®€ hf th© p@3.ari,$atio« 
•md Mtmrmmtlm ©f tk© ioas b©®am«« th« ©»fa©@ ia-relTes thm 
a»|Wt@tri®ai $wmm ®ati©n«»ii©ii*&piie® ©r i«i®a^@ati©ii»spa©«* 
a® i@r©«aliag ©f tli® #ati®» is r®p©rt®€ a» a ba«i© 
CARBON 
CALCIUM 
OXYGEN 
FIG 7 - CALCITE - UNIT RHOMBOHEDRON 
AFTER WYCKOFF (31) 
5a 
ppimipl® of ih&m- pheno«®Ba, fkm d®g3?®« of sefeening i»-
pema® 0ia tfe® laaib#!'#. size# tntl p©la^iisabilltl®» of mwP" 
mmAtng Ions, ©» th% eati©n-anl©ii 41st®»e®. la ailiea, 
as in «©at ailieafc®s, torn* 0^*' ioaa ©an. i#r®« Mi® Si^'^ i®n. 
H©w®T®r» ^th® ®i»tls.®«iliei@ a©ii .itt©l®®ti3.® is tigkfe®a«d b®» 
eaas® ©f tfe® abiaae® ©f attraetiv® foi*©®s prmwi^eA hj 
sniEwtiiiiiiig ®aliio.B8 itt the ttiiaal latti®® stwefeai*®* fb«-
«®£i is feb,®r®f©®»« anstabl® as- a aaiiom®!"# asi p®l3rM@i?ia®® t© 
iii03?@a®# til® ©ffd^tiT® ser®®ni»g p©i«®' of tli® s«rTO»inditag 
03g-g&m atoms... tb® ina-tabiiity ©f this i^s 
t®3a4eBej t© p©lpi®riz®,. w©r® ii®t®.i atJOT® .is th® 4ism»aiom 
ef ®©li#i€al pl»tioaeiia« 
B«®«aas® ©f t!i® ttiiialaneed ®liara@%@i» ©f tto ©atioa-
aiii0»,-»pa5® «i4 aiiioia-eati©»-*|»a@® gromps, a fr®»ta. smrfa©® 
®f an i©ai6 ©f^stai ii.13. ha^a a pafeh®? M# m@r^m Womr 
gwEierai m®.eliaiiis»s af® aT&ilabl® hf liiieli feii smrfaa® ®JR®rgy 
may ts® ^©Aaeai. 
fl* first iii©h«aiam is a pelariaatioit of tli® #wfa®® 
i©i3s. ®Mi ia®alii5«.i 100 «mrfao® ©f a 3^«Aly fi?a©tmr«<i 
simpl® emM© ©ation-.ani©n la%ti©« £» iradieatad in 
S-{a)* The figw® is rapp-odtoeat .fr©* «®yl (28# !!.•• 153)* 
Eaeb. i©n bow kas a ©©ordination noabap of fiir® ins.t®ad ©f 
sijE# lAtieb eiBas®s atj^ong anbalanead f@f»©®s. as iiidi©at«d 
s©li®»ati®.a.l3.y l>y rnrrmsm fb.® i»fea3lan®@i attraotiT® f®r©« 
©f eatian in feh® ©ati©R»aai©a-#pa®® |>©lapi»®a tb® 
DECREASING SURFACE? ENERGY 
1 ^ 
Q » > (3 
o —  G  -  G -
Q ^ ^ ^ -• 
O —  G  -  G -
© • Q —• Q ->• 
O —  G  -  G -
© • Q ^ Q -• 
G —  G  -  G -
0 3 —• (3 
o —  G  -  G -
(a) (b) (c) 
FRESH POLARIZED DISTORTED 
SURFACE SURFACE SURFACE 
FIG 8 - POLARIZATION AND SURFACE DISTORTION 
OF CRYSTAL LATTICE AT FREE SPACE SURFACE 
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55 
poMrissabllityi and hnYiiig a Im anlen-to-eation i»atio„ 
nmh m AlgQj «ii 
liliyl e®]»lM#a %h&% tli# first m&. BmmtiA ffl»oliaiiis«s 
OEnmm haw littl® #ff®ot in 2»#'dto©4»g tli® swfae® energy ®f 
fraetttr«4 ^artsi, trMla tb® tMri aai f@«rth asobanisisa ar« 
qmit® i»f®rtMit.* f«»i®m8 itm€i®8 iuiieat® a itr®iigly dis-
t©rt®d TOrfa®® ion® on quarts farti®l®» with a tM®lcn®s« in 
th® ©risr ef 0.3 t® 0*5 mieronj, wMl® minor ii»torti©n «x-
t®R€.a i@®p®r» fh® eli®Misorptioii of th® f©wtla raB0h.&« 
ulm is strong ®a©mgfe t® li>r«ak mp »m& ©sg'-gea mol®@ml@s in 
iry «ir. Ite tfe® prtsene® ©f a polto? liquid tb® surfae® 
emv^ i« TObstmtially r®aa©®d by tlj® aiiorption of mol®-
0ml®s ©r ioman lowering tli® reaistau©® t® aerateiaiiig w 
©mttif^* ttds ««« ®ff®@t, altkom^ aewieiiiat l®»s pro-
•mmi094,f is pr®»®nt im glais—a faot wMoli is taken adirantag® 
of fey g'iass ®mtt®r0 ili# mmt their outting' t®ol« i«i®diat«ly 
IM?l©r t@ seritoing th® glass «rfae@* 
Kaady {13, p# 88 ®|, »®Q«V.i ia stmii®» of th® us® of 
fortl&»i mm&nt to stafelliite Iowa 3.0®®s# o©B»id«ra th® 
boniii^ of th® pa«t® to (^artss and f®lispar smrfa@®s. 1®-
ferrii!^ to W®yl 128)# Handy advmo®® th® hypothesis that 
quiatrt* ads®rh« OH' l®»s -in® to i»«mffl@i«ait polarisation 
it®r@»iii»g# fh®#@ ions w® amppliot toy th® swrfae® of th® 
hyirat®i ®«a®iit g®!# thma foraiag a hoad* Ai ion aisorptioa 
tal»s plae®ji th® mhalaae®€ for®®® proiteoing th® distorted 
nnrt&m layer of tib® mineral ar® »@utralia®dt ani th« 
strueteral p©lariaafei®» seretaing is progrsasi-rsly re-
plao®i'l3y fmrtti®r i@a ad0@rpti©»» flais l#ai« fe# ®ai iser^as® 
of borai str«nglli, S«efe a progressiva ©ffeet is a«gg^st}«4 a» 
nor# likaly t® feak® plae® witb qiiarfe® tban wifcto, faldspar, 
b®eams# of a probatol# l©M«r polarisation #@r®#itiiig ©f ifh© 
latter »t®rial. It is 8ttgg«st®i tMt ©a tb® other liand • 
this low®r polarisation, i^ieh results from a larger mmhm 
of oatiOM in tE® fiiliapar lattie®# will r«sult in a r«la-
tiwly r«pii feosi atr»agtli gai» on faldapar smrfae® 4^® 
to isoro rapid elioaloal bonding# 
Haaaiy al#© wggoats tlaat hmmsm of th@ -rary fto® aiza 
of tM© oea»iit g#l ©rystals a»i th«ir poorly dofinod ©rystal 
#trttoter« t1a« boadiag will follow al«oit any iomio pattern • 
®3!3»©sad i» tb# fao® of a «i»ral ©ryatal. Mff®r«ne«» in 
tb® pattora ar« ©oiisidorad t® aris© fr©» Ttriation ia th© 
lattio® patt#ra for differ«»t iii,«0ral«jp or from different 
pattarns of polarization stroosing attained# 
tootfeor .«arf ae@ pliaBcwaao-n of iaportine® in a con­
sideration of th« bending of e«a«at prodmots t© aggrogatoa 
is apitasiy, tbat is, th© pro-^iotion of erystal growtb on a 
disalBiilar sub-strat© fr«m nolution or from tfa.® t'apor pliaaai# 
•3®if«rt (23i p, 318 ®t mm*)» diams&em smmml natural aM 
artifioial oas®s of jsmeli orystal growQa# In gonoral# b© 
ooneliod®s that if two ©ryatallin® »at©rials haw similar 
57 
Qt tmrem$ andi posseis @#©a® trie ally aiailai? 
lattl©# |)atli«rBS m w®lX definM crystal fae®js CwMek will 
pi?0bafely h&r» «all Millay lui«x t1a®y may <l#ir®l©p 
inter growth &b a ewwsa plan#* Bil® is la g@n®rml poa«ifel« 
if til® g®©ii®ti»ieally timilar- f&©®s 5© aot pi»©du<t® «at©biiig, 
©f i#n« ©f oppesit® siga., asd if th« i«"flr©»ra«nt pi»©vid©» 
suffl«i®at t# anfeapliab arey miii©*' iistor-
ti©ii ©f th9 iMtwfmee* A matey ml li feyaait®-
st«>rollt., (100)g//(010)s^| Bid a synthetle .xo^l. I. 
aitwaiea, Cooij^/iooi^i)]^* appnw? t® fe# fttTther 
f©i» iiieh for i&i#hi fmll «|»l8®afeioB la 
net y«t itv&tlafel®* 
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voids grains tad dggregat® parti©l©«, binding 
tin®® all V©iis ana ©aplll«ri©» flll#€ witli wmt®r 
rwaiia# 
ffe® tw0 a|jproa©b#s gi¥® ®®s«nfe tally tti® a«« 
but hj signiflisantly iiff#r«iit aetfeoit. In ©as® tto® 
prMmet i« a aieroe@llmlar a®twork of @al©im silieat® 
hyirat# mtsriiil# fim lullstal ©©ime^tiisg links ar® t«mous 
Mtvmm gmwing a^p«gat«.s ©f «i»ystallia® strm«-
tua?© aa<i #©H©Mal ASMmmiom* Eowmmt tli® firat flew 
ip©«1stal&t®s tli# »p#iife®.i»©ms ©rigia of 3s®* @®nt@r» ©f ®p©irfeii 
in th® s0la%iom ®«rrotiadiiig tfe« gr«iiMi» witlaoat pre-
©Imiiag tia® siaul%aB«oiis 4«if®l0pii®ii% ®f erystallim ®trmo-' 
ttir® fr©a th9 Burtmm mf th® gtmim thm&^eXrm» tta® a®®ond 
fi®ir p©-®lmla,t;®s tfe® pr©p'«ssiT@ omtw-ikr^ gpowbh ©f tMi 
eryitalli» st«et«r® f3?©« tli® feyirating grulns ©IT Qm^nt* 
A ®©fisi<l®ratl©n ®f th® @®ll0id priasipl®® ®xpr®»s®<i ia 
•qmatioas IT) mi C8I# and illmstrat®d by th® iata ®f fatol® 
2, indieates fclmt tfe® first ©f tke»® Mohanisas i® tifei® »or« 
probabl®# fla© preferantial gr®wlli. of ©rystallin® strwotwr® 
as w©«M b® «xpe0ti9d in aor® illmt® lotetioa#. fh® 
strongly sttparsaturatei solufeiofia pro#i®«d in tl» aormal 
Mat®r*c®Bs®nt past® i»®uld b« «xp«®t®4 to trnwor ttei® ^wlop-
mmnt of aMiti^aal gr®«tla ©«ii1s®ri mi. tli® foswation ©f a 
mor® fiaaly iiirided or aaorpli©!*® ©tl strmetwr®. 
simaary of tla® .Awsrieaa wimw of tfe® aatmr® of 
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infe«ynal boui ©f th® past® la a®e©jp41ngly chostn 
a« a basi© pp«is® C%, p» 6145) • 
SosuMf t im M®eManis» by fell® 4,er®%&pmnt of this 
g®l stFOietuy® ia a@©(0®pli^6i is e®iisid#F«ij, agmte id-tli 
r»sf®et t® eeliciid fh«n©»«aa. 
fb®3?# appBSfs t© m pajptieular limitation oa th» 
polyraeriisatiom pwe'«is ©f tlm sllieat# i®ns 40@®fib«d bf 
Wms&T i%kt$ W-fiM?# 1,5# W* S^0)» ii«®f« as th® pr®«@3ae@ ©f 
tb@ ©tli®p ®l«a@iits &t f®.rtiaiii m tfe® wmal %gp»®giit« 
mto«3?'ala so*# e®iie«3pii«€* latmral Ufdmm- ®al©iiim silieat® 
ainsif-als ©xis^t* m4 ©«p®wnds hat® b®®n id®ntifi#<l 
as byda?ati©ii- prodttuts @f ?©rtla»i fh® n®wtpail0a* 
tioa ©f t^ aeiii® Si©^** rsiieal mmj to# a«®«plljih®<i 1>y tli® 
a€sorpti®ii ©f «ith®.r Uj&sxtgm ©r «aleiiw ions, fla® ®TO«» 
li»k®4 p©lyM«:r i« th®is ®:^#t«4 t® eontaia @al©i«» ions, in 
p3pop©i*tioiM i®p®»(iiiig. mp#n th« eoapositism of tta® aolutlon 
at th@ tlia® of fow&tiQii» Ions aai i#«t®r iiol®«ml®« 
are imimdei, in th« <l®T«l©pii^ st,n*tfea.i*® in a®@:@rdane« with 
th® val«ii@® •ani e©®pdii»ti©» ip®tmif®®eiits @f tto.® ailioon 
«nl ealeltw i©ii». 
ftai® tti® h»€®B,ing, th® Portlaai ©«i®iit past® ia 
dms&Tih&d as a p©lya«f»lgaticm pj^e@®» ©f ailisat® i^na* 
!Riis pemita initial eeataet points to f©iw st3m@te3?al bonds 
witfeomt tb® B®®«s»itf ©f mf rigid e©f3*alati©3a #.f ©ri®nta-
ti®n» 
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tbiri, HaiMly'^s bypath##!® il3, p.. 88 »t 8oa>S of the 
loading ®f f&Ttlm&. eeasat to faarts and feldspar iU3?fae©a 
is e©iisid®r««I with rmpmt fe@ this poljwiriisati©!! hjpofeh®-
»is» laBdj mml&em that t®i« 01 lorn. ais©fb®d as s^red'ulug 
hj th® mrfmem ©ations ®f th# .fpaetwr®^ mtewal 
w@ pt»0¥li®4 ©n %h» mwt&m ©f th« hy^atiHg gi*'aiii, 
giiring, ris® t© a ^iai« J©a adsoi^tion @swi«®3 a loeal a?#-
laxfttl®n ©f atrmeteifal p@Xai?lsatl©ii, leadiag t© further loa 
a4s©n>tl©» aai & itwlopteg bond# B®e«8® ©f th# saall 
atm of %h® &Tjs%ml aggregates lEtt'oli-ni In th® g#l, fi^4 
p©@fly d«fiQ»4 H«tiiy 0©usid®rs that th# 
t®ii ais©J^ftl©ii h©Mlng d#s©3fito@4 la his hyp©th«si» ©an 
folloif mj i©aie pattern ©xpos«d ©a th® a®:regat«. 
G©Mild#i*atioii ©f th# p©l,yiii«rliati©n bthavlor of th® 
slll0at« r&iiaal suggests an @a:t®ii8i©n ©f this h|p®®i«sis« 
la^tr than th® b®»d with th® aiii#ral to«lng d®v#lop«<i 
tferomgh'th® <iir#et a4«®3?]pti©a of Q1 i©hs attach®4 to 1^© 
©aa#iit grain#, th® gml partlei®® ar« i®irel©p«i spont«ua#oualy 
©n th« Tm» ©f th« mi»«3ral#  ©m th® ©««®iit  gralM# mA In 
th® ¥©id si>a©©» hj th® poliaeriaati©!! ©f th® sili©at» 
t@ti?alMrdi»«» 43 this p©l|m®i'lsittl©ii p3£*©©®©is th® 4®T®l©piag 
g©l »a8.»®s i»t®3?s®otji m%4 t&rm waltlpl® bond# throu^ eon-
tlstt®d ©i»o»» p®lyM@i?i8atioii# '&« ©alelm ions pr»»®mt la 
lai® s©Xmti©a» t©g®th®i' with their adsorbed ions, mm ineor-
porat®i to th® i»T«l©fliig lattie®. this lattie® will he 
6^  
ia st@icM©m#trie ratios ooijforming' to tb.« pa2»ti©a.-
l&'f» «qmiXlbi»iiai pi»©Talling iii tk® Xiquld pha«o» 
ffe# b®jiiiiig s#meiit g®X strae-tw# 
m& ,t®» BUTt&m 0t tilt Mtii®i»aX aggregat® 1» 4®s®i*ibdd as an 
«l!-«asl©n thi® pol|m®riisal;io» of tta.# silleat® t0t3?ato.iKlx*a 
fey til® 4®f«X©i»6Bfe ©f S1*0 liiiteag»s th® »lll©oii 
lewp '©f ei® iBii tt® eiyg«a i^m ©f %li® miuejcal 
Xatti©®* ®»'F@ is %Xs© tii« pQisIbilityj, mn4«r faTorabX® 
6.©ailtl@Bis, of e&-© X£«kiig«». 
ffe®' eaXeim ieas ar@ X®«s flfwtlj &#Xd in th®. l&ttlm, 
mi &m t# l«a©1iiR|; oat if tto 0©iie«strati©a ©f tfe® 
eaX#iiwi in tli« Xlqmii pti&s® is .sli»|»Xy fwitiee-a# This wiXX 
alt©i? ftqttiXibri* eoMitloaai ©f r«siiiiiig aaterials. 
In tbs @®iitis«#4 p^msimm mt ifat#r,' ©aluiOT ailieat® 
h^da?at#a f©ws®i @arli®r wiXX teaft t© ^#ii®.s©X¥# !•#« 
p®X5a#^i«# Ib m.m Xatti©#s# ffe® f0«at%i©a of tM« m-
*i*rang«i wafewiaX a0.©©wi%s tor tli® amtog^'oai l:»ftliiig of 
©i?a®lc«€ fmtlMM e#a@nt l®lativ®Xj X3toi®-fi?®®' 
water mtmm Mie itereasing feh.® Xiae ©©nttat ©f tfe® 
istei'stHJial mtei? tei. Isaelaiiig ©wt Xia© in tb® region ad­
jacent t© «i« era«k» As mm9 ealeim is from tti® 
»at®a?iaX, th.m ,s?0fos»«®<I b«oo«»s ineraasiiagly a?®-* 
sistttt ti# ftirtliei* l«aeMag* .Siiiilibrim is r@aeb.«4 and# 
i«& t© til® i»er»a®«€ ia*#p@rfeioa ©f aili^at® tfe® 
n®w •mteriai is stp©ngei? tlian tli® ©rigiimX* 
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Imm ill, f# 184 £S, 8®g*| elassifia# tli# oaleim 
©at« hjdtsMm m tihmm md uea-fitefow• Itoll# 
tak®a ft® an. ©xsaipl.® (flgiif® y,. i» ii0ii-fili««s la habit. 
Its s»1.®e'feloa Is- »tsb#i« & ®f availabl® • infofaatiea 
thm of a t-fpleiil £jiir®«ti,gat-l®a &t 
t lmlj  fiferottg mmml&ls i« gmit® iifftcailt# Mmj of the 
pr©&^#fes or# fi»lj tihrmUf Wid mmj ot tb® mn-
fite«s aat#rlals f@i?» tbin »!»©%» sji* foils, ^i^csie 
grewth #f ameh liatt^ialf m niaerstl • mnlA ito# 
tm€ %© h® l.iitit«4 t© rwwf simll am'fmm In mj &mm* A. 
®©apaj?i«©a of tiie- g@ii®ral -©f 1sla« afiitllit® latti©« 
®f Flfttif® k as'd feb® l-®ttie@s ©f s«© ©f tli®' mom 
«iggi'-®gat® ato®rals ©f Flgar«i | %9 Fig»® 7 Indie at® s %lm 
possibility ®f a ®©ii8ii»»m'&l® a®a«w« ©f »m©li ©i*4®3?®<i. @ir®r-
la this ©eiiii®®1$ioti it is ftethw aot®i Mineral 
®OTip®®iti@iis.f -and h®m® miiierml l«tti«« p®ttt®rns,» lyp® not 
fl3E®i« la 6th#r wei?ia|. is m&t i»®®»ss3?il|- a»y @n« 
«xa®t f@»mla or- stimetmml i»att»«i f©i* th« eo^oiitiea ®f 
a aiMyal, Eath«3p;# usably «11 aiii®i»iils vwpy »©ai«'«to,at in 
aoa^joaltlon; Many of thea T®a?y a gr»at d®*! (29» P- 3)» 
a® liffliitimg e®i»14®3pati#ii. is ^at ©f gya ®yd#rly, gjfadimai, 
©•©Htiraaoms #hiyQ,g® i» e«p©»iti©» aaad erystal fterB®lna:r® 
tte©Mgh@«fe m well 40fiii®€ i»«ng®# fh® #aleiii» aili®at® 
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liyar-atftS' mlmrml# po-saessiisg tMs irariation tn eo»^o-
sltioa %® a Btajpte'd a«gr««» W&w ©xai^l®, ©alslaa silloat® 
liyiyat® i l»y faylor*s mot at ion, iSHCl) toy Bofa®*s 
notation)' is gi¥#ii tey l«a Cl7# f# 3.60) witb a formmla rang© 
<°«®>0.8-l.S®"2%®'2.S-1.0-
rattg®a inileatad ©©neiltioM of stability in a rang® 
©f Mai e©m'®»t rat ions. a® th® mtsrlala ia s®lutio» 
pi»®©ipitat® ®mt ia th« satting wat®r-©®»«at pasta masi# 
©«atiiim©iwly faryiag ©ryst&l lattieas «r® ai^ailaijl® fpo» 
plaaa t© plaea ani fr«i tii» t@ tia® fr«i ^ieh t© d®¥®l©p 
apitaxi® ©•rargroirtli itoaraTar th® ©ritual ranio® pelyoar 
oriaatatieii ©•«®s witMs tli® raqmirai 4@^m ©f fit for 
grcmth ©f tl» ©.alaiiM «i'2.i©at« liy^ata mpen tb® aggragat® 
swfa©®# 
fimlly# a# a rasmlt @f tli.# ^©toatol® ©pita^si© ©iiarae-
t®r of iiM.©laati©a m. tli© afflragat© smrfa®®, tin® typo of 
l>©Biiiig term whMh h©H« tlj® mitteral t@g©th#r liaa a 
bearing m Vbm ^araeter md str«»gtli ©f tb© ©®a»iit paat©» 
^#a4. fc©- «a®rgi©« ©f a«» ©f the ©xia® b©M«, 
in kll©gra» ©aiorias p©r gran at« ©f eiyg«Oi »# listed by 
H©mwi3Bflc il0&, p* 28) aa f©ll©^si 
Si©g 2.5^0 teg ©ftl/gm a%««a 0 
Alg#3 1200 «• " « • « 
MgO 9li.O " * ^ * 
GaO 830 " " *• * 
fli@ ©KMsrgjf @t tb.® Si-© bond supports tb® obs#'rTatl©ia 
hj V@jl tbat qm«rt« $m pp0m t® ads©i»to ©xygm, 
PiMspapSf 0d»taiming Al-0 teenit, will mlf 
Mm Mk»lw to Maplmf tM® |j#1a®?i»* la ftiitafel© ©nvirea-
mf mttm will t#iii to aiswls Qxygm t© sera# 
ia®«t agp'dgatt Btintrals ar® exid®»# #i? ©©n-
tain iaai®ai© i?&ii#&la enaslsting ©f mM0 ffmmpm,, suah m 
Ttew %h» <sli®mis®i»fti#ii ©f in tfe® f©W3?tli 
nation fkl#Mliag •m&hmtm aot®i fey is t© ®xfe®at 
a aattaa? ®f 3?«®t©i?iiig tto© oyigiiai ©Fystftl itimeto® om 
fell® mptmm), m ®3Kt®aiHg tli® ®n 
«a QTfBtBl flan#* W&f tfa« exiles tMs ttien 
te as, alfe©giift%« w®©liaaiSM tow fe® «s%Rl>liiliii#iit of a aoja-
s%#ieM«»%fi«  «ai*fa®@ on th® n ia tF-a l—@0]^©»#€ ®f a  
4i8Fy@i)©i*ti@mt®lj Ifti'g# ii!Mb#jr ©f mfgmM at©ia«# fh« typ® 
i»f feoMii^ ®.stat>li»fci.®'i eati#ia» maA th& mA»mTh%4 
©xygdja i« gmm9l%f @f ili« #iBi# m %hm% ©xisting 
in Isb# -©rigiml ®i»yt%al» 
• in aee©r4iii«# with. S#ili.»'»« tal>«lati©n «®li4, bonding 
tomm p# «©&t ai»rali ar# «im®p i©»ie ©r ©©•» 
@.^»feals* f«la#b@ ^ p]?» 1#2)- iadioats® 
felnftfe icwio b®»aiag i» a©i»t px»«ml®at ia smin«i?#tl» as #011-
aiderti in t«»s @f tli.« ia»b« of fSBPletles* E®ifW®rt. th® 
MOT# iili#©a md alwiiwm ainw^l®,. -iMl&h »e &t 
wm.$m at eoaertt® a^:f®gat«a, w® stf'oiigly 
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to irwying #xt@iit®. flai® th# 4iit®i»iial boading 
fmmM of e©ii0'f«t® &ggr@gatts eouiist ef Ttrjlng propertions 
©f tlia t» tjp«s ©f f@i»e#s« 
fli» oxyg«ft ate® ©f s«rfae# will display to 
tl» a4Jolaing spa©® a, imwom pattern will eiBJifom t© 
ffat© boniiBg fo3?e@s ^.©liii:^ it ia plae«. '©ms m Qxfgen 
at« b©aS®i. by stj?©iigly i©iii© tmmm will t@ad to h&hme a» 
aji i®E» i®ir#l<»piiig i#iii$ feoMissg with any airailafel® estiom, 
%fttll# m 'OKygiia at©» b®ai«€ by stwngly ewalent trnQmrn 
will %m& to i©f®l#p ©nly crne^em bowlisa®, wit^ am in-
Mbiting ©f ionie teetaMng# fMs dmal «laart0t«i* of airail-
abl« boniiag foroes will t#ni to proiae® two imm or l®s« 
distimt typ®® ©f ,st'r«ttgtb gain* 
la tla® initial »©l«tioii «i»ri2?oswat ©f tli® itwloping 
e«WMit g«l a sulistatitial ion oonoantyation ©xists. It ia 
tliertfoip® pofit»lat®d that «i« relatively aobil® ion# of th# 
folmtioa ifill attraotoi to- %h» ioaie 'Odcygoa of tls® 
liiimyal fan®# laaiiag, t® m ®mlf bema ©tftagtte faia by tli® 
formation ©f p©l|»ori»atioa teidgo® in s-^owit propor&ioii to 
tfe# Momnt of ioaie oa^ygoa proaost# As th® polpwriaatioa 
prmm^M m& tto.« eoa.galating gal# as®w.»iiig a a®f»® rogaliy 
atTuo'tua?©, 'bagiijs t@ Aw@l&p an ©at^anding erys-feal lattie®# 
ato®» Hill tm& to l>» iraism into rsgttlarly o»r€i>mt®i 
poaitioua tn wMoh ewalant bonds way b® ®xp«@t®<i to do-relop# 
ffeia will load to a lator bond strangtb. gaia in mm% 
m 
propQvtt&n t© th® of •60ra,l#iitly botmi ©x^lgeii i>i»©s#afc» 
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flSf flteiOTHlS 41D mSWsfB 
prliteipal 'ftit MMm. 
Ssms& isim  ^
fb® pytaeipal t««t data eesslst ©f th® rtsmlts ef 
m ioSm® of m&M &mmt teusioa toi»iqm©t» 
e#iijfealttiiig aggi»®g&t» ®f irariens materials# 
pia.#«<i at iraricw® mgl&s t© tb® &pptiM4, tti-ffm* fta.« tension 
ftrlqaafe Ims liBd.® sliap©i ia g@n®fal ®6®»<i«ie« witia figur# 3» 
AWK ^slgaatida 0 190*|.f.i f«sfe f®y f«iisil« Sto»iigtli. @f 
»?%«•§•• (2# F» liS) lastwad ©f th® 
«init®r s«efei®a «f ©a® Ineli la iih® atfflaiaiHi briqwfe, 
tfe® «p#&lm«fis um»A Jji tli6s« aeyi®s ®f t#®ts ftf® l«ngtli©ii®d 
t© f©rm a mifoiw r#0t«BgttliWP prism t#a i»b.#» la l®.iigtli. 
fhi# sggr«-giftt« w&tmM |)lae,«i tti# ©(aal:«3? ©f tbls 
pri«aafeie fh® of tit# ®p«®iii«ii is. IMi-
mtw4 l» figittr# $• 
fk® ©«i#iit tis«€ im til© sp®6ia®.iss #f tUmm was 
lai3te«y« Fertltei f|p@ ^^egalai? 
eliaaaijisls. Tm aaete ww# aad 1>l®»d#4 
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10 INCH UNIFORM CROSS SECTION 
(a) - AGGREGATE WAFER NORMAL TO APPLIED FORCE 
1 
(b) - AGGREGATE WAFER AT 30» TO 
NORMAL 
I  
( c ) -  A G G R E G A T E  W A F E R  A T  6 0 "  T O  N O R M A L  
FIG 9- GEOMETRY OF TENSILE TEST SPECIMEN 
n 
a» ia a sisgl© eottfeaiit«:r iwltti a mmonuhly 
fjtfeliig frleti@a lii» fb.# empo&itimg m 
iuii€>a%#i in mill tm^s, was ©btaSjied trm. 
ms f@ll©wsi 
il©g 033 . SO.O?t 
* k*k^ OgS m 
f»2% • 3.5^ 03A 
Ci^AF • XX»t^ 
Gm «• 6I|.* 10 
% « i«X^ 
A®r®gat« nafsfs Wi®r» ^ mlm aaterlala# 
Aj?i»^g@d in ©ri«p -©f ti»i?«a«iag ©aygeii t®ii iH»toer, 
fti fe«low# «a«8« w®r# a#at 
e«MiKit glas®-, f@Xisp-ai«i 
qma^tss,^ hmflg.  md A3.1 wutmrn w«i?« emt t© 
®a m 4i»i#iiA smw wmikim a e©0l.isg^ ImfeMeant b-al^li ®f 
k«J?@t®iiii't »x®©i>l} wM#b was ©lea^M int© tMa 
r^iiiote&ai! tfeafe wsr® ©'©attatei fe® s£is®jt 
imt fia#.#., Kfeisli wtts #tit t© 'tis® e@wi®i'ei®l idLniow 
gla»s ti».iiig -©ri'ijmfy glwa 
©f til# .Qri&®eX«s« f«X<is|3ar w^m 
wii# aTai4atel«s hj th& Cl«©l0'gy p®|>s«'ta«j!jt ©f I#wa S%&t# 
CS®lX«g®, ^spf'Xf and mm pw-
®baii»»Xs,p i»4 h^mw% wst wid# 
Wftl'lfiifeX# tte«^ a pe^'soml g©ai?#@, a«ati emmnt 
72 
«©3?t» was »mim irm. »is®@ia®n 1®# 83 ©f th» t#0t s®yi®s, 
m40 frm. tfa© ©«#iit i#»@rlb®<i abov®. Origin Mid bj?i®f 
t®»©i«ipti©ii ®f %li© iiineFal spm^tmrnm f©ll@wl 
S®pi®lit«s A r©Miid®i bl©ete of pmr® wMt® ©©lei-j, 
ai@ro©^i^stall,ia®» lii^ly p®r©m»» wltsli Turiatioa in 
p®iN©'#ity 1tor©u#i fefe® pit©®# Asia lliii©r# 
4 mvigblf v'h&m^&h»^mX l>3.©0k,|. fa®«« 
©m »ii®».j, ©leafag# fM«s ©a tlir®® aii«s, ©l#®®* t© 
faintly tftunft ©»« ©,3qratal# altliou,!^ s®io© «vi-
4®is©@ of irr®galft3?ifej aail a f®w fia® fp©ii 
fi©li®3?, Oklis3a»a* 
A yemglilj 3?«@%aiigmlar bl©©!# irr®giil» 
light gray mrtmm ©m on® si^#, ©©asteidal fi?a@-
Aiupk g3?asy ®ai»f«©® ©a ©m sid® migI all @<ag®a, iii©r©-
eiPfstallin®# a f®w «all f©s®il wmmmtBg slightly p©wtusj» 
®«13©eially ©a •if®ath©i'#«l smapfae®, fsroa ¥3?®f©rd. qttwapy, 
Enisiyi* *af®M fi?©a i*»»®ath®r«€ y®gl@s. 
Orthoclas® f»lisf«l i«f®3?al p©mgbly Feetangulai* 
pi®®®s, ©fthogenal .©l«avag® fa©®g in €ia?@eti©ns with 
iw»®gilar fi^aotw®® &©r©®» th® Mff t© wmgrn pinic, 
®ss®tttlally sisgl® ©ratals tat with wmm irregjalajpitj im 
®l«air«ge plaaea, «a4 with soia®' perbhlti© isit«iPgr®<«rth, fa?©® 
femntaiiii @©a.©ra<l©» Wafers p«rall«l t© haial -©lea^ag® 
plan®# 
^a3?tai Mn aggr®gat® ©f @«a®iitiaHy parall®!,# ®©iwiiftiat 
n 
intdfgrom ei»y®tal» varying f^om approxlaately tfar#« 
qmartsFS of fflt laela trmswers® thleto^si iowa to approxi-
wately ©39® iws'li, wlfeb. ssailer es'ystals filling 
i^iii©fgtle««, «@stly ©lear, s©m» ailtey ai»#tts, toa© flawing 
fflfti at lat'«j?fa@@«s frm. 'Ctesy^ Soloraio, Mafer® 
at app»3C'imt#ly I|S® ineliaatien t® a axis. 
B^fyli An ir3?«pila3P,,. i?©iiglily r®®taii.gttlar fragpismt, 
mn@v®» t© ®©aeb®ii.al frastaiPts ®» all tmmt 
appar«t fmm m 0m md wi&i sferia<si©a», 
##s©rtiiilly sliigl® ea^stal# i^tti intwg^owfeh ©f p®3PtliitJio 
elmi'&e'b«3?j,.'atiltey -Ait# @©1of witli blm«-gr#ea shading to 
varying froa I»afe«ll® •&»,, Qioe'b®©.. Maf®r® parall®! 
to b^asal plan®* 
Sp©«lila«ii# t to »l®isgat«i .®l®®.'rag® fragment &t rfeoiiald 
©r©s« with tFj?®psl&i? fi?a©t«iF@s a©F®att th® 
®a®^»tially alagl® ®fy®tal wttfe s®a» sa&ll .inslusiaiM miii-
f©»ly ^iati>it>mt®i» li^t gr&f fibwoma to pearly 
lmt@r0 tvm. Eaystoa®, a#mtli Biikotii# ¥af®y« pai»all®l t© 
#l®afag® plitu®* 
fh,® «ggi*®gat® M®f®rs wmm l@eat®a in timm® pesitions: 
n©w®l t® tla® appli®A temall® tmms at 3©® inaltaatien 
fr®a "fe® ii©TO»l, imd at 60® inellnatioa irma th® jaormal* 
ffe®#® |i©sltl©n» •ai»® liadl®ftt®d ia figar® 9» 
-d-is. 
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Kfttr® I0Ca|« M©M® Figtr# Wih}^ f®aii3,# 
for eaiting t«sH® fe«a,t %«st @p#©la®ii fflo«nt#4 
s|>#®l*iiis f@r, iifplle&ti©» of 
tmt I©ai 
Figttf® Ini 0f t®:st 
aeiMtud f@F test 
Figai?® 10# ffeot®,gi»aplM ©f fc@ESil® tast ap®«i««i aoMs 
fBii twa-fetag a#pai»at»s 
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b#l.ew, fli® mortar-aggregat® tensAl® t®®t str®aai 
&&mpmmtn are ®h#w» ija fabl# Tim a©daXi of rmptmm for 
falmet ®f fleaapal lo&d %m nlmm in falil® 6» 
mmMM.. ant. 
fb® sp®0ifle gra^tl#® w»p® d«t«ra£ii®i 'hj 
im air ami in wat#rt msiog m J&llj fer-* 
®©ttl;agft« of abiWftlea l>as@a m ©mn wiight at 0* 
wem takea idPtw 2i|. toms't ia mt«i? at 22® G»t 
aai again iffcep t« | fe©w« in to©illag aistill®«i 
Sat®i ©f ato.ii©?»p^i©n ia graiw ,|»i» sqwi?# eeiitl»t®3? 
Int© plifflt# smrfa#«» ia @©nta©t wttto frm swfa®# ©f 
di.« tilled wsM®r w#r® msliig a tiii# ®f 60 
»«©. #11 mm iry 4 ©Miaemstie tf|># fealsme# was 
ms«i f®r all w»4ghits iurolvei. ia tin# ab@@Fptl©ii 
tio»* ?mlu«.s &f tfcit sp«®ifie gystvity m4 ©f •bb.® varioiat 
afesorptiowi ar® Bhmm in fabl# ?• laeli. Tal«.« is tii® a^«rag® 
M&rt&r trnmim spmimsne wm9 pF#pa.rfit witboat aggr®-
gst# wtfers t®r tli# a©fe«mimmtl©n ©f tessil# sfcrtng-fes ©f 
tb# iffl©rtaF it»®lf* fli«ss spsaia®»® wmm at 7 :83a4 Z$ 
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f&hlm Bm M0rt&x*''&ggmg&t0 tmisil® t&Bt sts^&SB eompomntM 
Aggregat® i«2*fae@ 
laigl# 
7 8t;g«ng%lis 2B Mr BtrmMifha 
(T, psi rTpsT (r$ 'p»i" T» pai 
S«pl©li1s« Iwaal 
4Tt» 
3©^ t© I 
Av©. 
60® U M 
4T», 
4^®. r 
W&rmml 
dlai* 
Air«» 
30® t© » 
6©® t© » 
Af®. <r 
N&rml 
At@0 
33.08 
42,30 
ij.2.32 
39.23 
22.78 
41.86 
37.X7 
33.9I1 
19.87 
31.02 
39.71 
l|2.30 
59.1i |7»o6 
8f.?3 
63.2% 
6i.f3 
73.37 
102.71® 
76.77 
B.llf 
86.32 
68.92 
.Ij.0.i|.5 
Ii2.98 
27.4O 
36.fl| 
13.16 
2l|..l6 
21.86 
19.60 
1^3.15 
30.80 
29.32. 
6k,07 
68.01 
as 
63.56 
65.16 
55.03 
61.25 
i©.ii4 
5%. 73 
m.liS 
76.54 
36.70 
37.62 
31.78 
35.37 
139.32 
9l|..7f 
163.59 
132.57 
60.82 
mm 70.52 
52.19-
72.40 
65*06 
•MM* 
5l.f2 
36,51 
38 ••6k 
42^.36 
50.21 
83.75 
1 :^12 
28.99 
Il:i6 
33*17 
177.90® 
132.96 
137.68 
149.51 
107.10 
196.56 
135.08 
146.25 
89.58 
185.49 
340.45 
233.95 
253.30 
W4MI 
m-m 
•m-om 
35.. 72^ 
213 .|# 
mm 
^f^aetw# by Bortor tmnBi^a, sti»«®s#s ealeulat®<i for 
aggafsgati® smrfa®# 
fmm mr&rMg®-
s© 
fabl® (Continued) 
<r,, pil T-, psl CTt P»i T» psl 
tXasa 
ieentiiK i^l 
50® t# I 
26,32 
17.62 
30.66 
27.7% 
15. ao 
10.18 
17.71 
61.03 
71.70 
27,m 
53.%? 
35.2% 
%1.%0 
15.98 
30.87 
60® t© I 
.Av@* 
18.68 
11.75 
23.3% 
17.92 
32.35 
20.33 
%0.%2 
31.03 
28.7% 
57.26 
26.0,2 
37.3% 
%9.78 
99.17 
56.08 
98.01 
A-r®. <r 28.51 56.10 
©aleS.%# Idwal 
AT®* 
45.3% 
51.07 
50.06 
48.82 
mm 
mm 
97.71 
71.62 
jfcii 
imm' 
rnrnm-
30^ t© » 
4v». 
19.15 
li 
Ii4.90 
39.39 
16.,83 
2|.%7 
15.92 
.22.7% 
21.20 
36.89 
%5.%l 
3%.^ 
12.21}, 
21.3© 
26.22 
19.92 
60® t© I 
Aw* 
36.88 
31.50 
5.9.611. 
39.3% 
61.88 
».57 
8|.97 
68.1% 
61.9% 
76.5% 
92.82 
77.10 
107.29 
13t.56 
160.76 
133.5% 
4v#» <r iia.52 6%.39 
lOWftl 
• A¥®« 
37.7% 
l|2.65 
29.66 
36.68 
mm 
-mm 
%2.98 
.^26 
76.20 
62#%8 
3# t@ 1 %1.G3 
1|2.97 23.69 2%.8l 39.21 73.1T 22.6% %2.2% 
.4f#« %2.00 2%ri5 56a9 32^ 
4©® t# 1 36.08 62 .%8 %1.86 72.51 
5* iOQutlmmd) 
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Aggr®gat« Swfa®« 7 Bay 2Q- Mi wtrmn^thM. 
ai^l® (T, psi x» pill. <r.» p«i T# pai 
60® t@ I 1^5.80 
53.81 
,A^«* 1{.5.23 
4v®» <r 111. 22 
lefsal 37. ZQ 
33.01 
26.73 
Af«* 32.3I4. 
3# t@ » 121.66 
91.kl 
53.61 
Mm* 86.89 
fe# I 73.95 
87.58 
49.1^.5 
Aw# 70.33 
A¥«* <r 63.85 
W&mml 59.31 
i^o.7© 
ii.5.55 
3«®' %© 1 6i|..i|.0 
100.23^ 
7.21® 
km* 82.32 
1 
Jtw. 
40«ia 
6S.%S 
30^4Q 
53.23 
fr©a a-remg# 
?f»3l 
fl.ao 
f8.3l^ 
70.2 
52.7 
30.96 
51.33 
128.08 
151.69 
85.65 
121.81 
37.18 
57.87^ 
k^U 
I|.9.60 
52»66 
92.20 
275.26^'^ I|.76,76®*J 
263.02®*^ 1^55.56^»® 
41.86 72.51 
56*95 
61.26 
87.9% 
62.^ 
70.57 
96.51 
81.78 
33.77 
70.69 
5048 
' • 82  76 
93.35 
76.15 
72#I|.6 
80.22, 
102,311. 
67.30 
30.66 
66.77 
57.07 
&M 
60.^ 
•72 
>22 
19*50 
>.8l 
1-7. 
1 . 
i|.0 
103.03 
133.05 
161.34 
132.1i.7 
8 :  
S :  
!.09 
,86 
17.70 
.55 
98.85 
9I1..13 
112.31 
101.76 
b-y t«aal©ii|, aitl®alat«<i. f©j» 
aggif«ga|j# 
aa 
Surfa®® 7 P&f atean-a^foa 2S My sfegjagfefcui: 
•a^l« Cr,» psl T# F8i <rI pai 'Tt, pii 
•CIlSF'teS <r 57^62 69.13 
Bepyl lewal 
Aw»* 
83.1^ 
58.28 
65.38 
tWkiiMr 
mm 
103.80 
66.a 
70.31 
80.13 
«n«» 
mm 
3# t@ I yi.»53. 
a a  
25.70 
35.18 
28,60 
29.63 
.123*P. 
101.6f 
120.35 
115.15 
71.26 
58.7| 
6f #48 
64»1|.9 
60® t© I 
A^®» 
SS:f{ 
52.f3 
Qk*7k 
71.f| 
H8<|6 
91.68 
62»15 
pJik 
80.02 
163»65 
53»82 
ll|4.53 
120.67 
Am 9 ^ . 5i*66 91.77 
MmmmX 
Itw. 
50*^ 
70.7$ 
•mm' 
92.57 
71.86 
106.85 
90.43 
•mtm 
3®® t© I 
4v«» 
35.00 
i|il.56 
36.26 
38.61 
20.21 
£5.72 
a.fii. 
22. 2f 
7f«2k 
n*m 
73.00 
83«a6 
kS*7$ 
56.32 
1^2.15 
6# m » 
Af»# 
l } : U  
Sl:8 
117.U 
117.02 
75.1^2 
103.28 
85»60. 
1^2«02 
61.98 
89.87 
11^8.25^ 
211.33® 
107.36 
4v«» <r 51-55 87*85 
"e"""""""""»". 
hf a®i*1jay ealemlat®# tw 
agp*«gat® swfa@« 
c^^o•»4^«y 
• • • • 
o c\J-dho 
coco O !> 
eH 
1^'mS 
• « • p»oy\ 
o«n© 
m m f i  
r4. 
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'Of tlxes# tests ar» sfeowfi ia fabl® 8# 
iiie.3mdi«J in tlsiii, tsbl« tli® aoptar t©»t stF«iigtlia 
i#ir«l.©p««i by ii|r®@iii0iis eeat&iiiJjig aggr®gat« «af«rs ©r gJaas 
in tli® feoM d©ir#l©|»€ vma S'troiag tbat 
tlia ip#eia®a fail#€ i» i»rfc« t«ii©n, m trnilmm m 
til® *»%&!» aggir©s«t« Bumtm®* 
Mass.&m£2s» 
la ©M^jp to iaf@«tigat® tk® #ff®0t @f swf&e® saootli-
m tl» feeat #tr«agtli d«v®l.©p«4,» a #®t @t feX&Bpm 
w&t&m wmm p#ii8l»4 #« a »0t«llmi*gi«&l puiishiiig ©» 
®i» aii®# ami tte## gp«#iMei» w®jp« p»®p«?#a with m aggp®*-
gat# waf©^' #ri«itftt4@ii @f 3#® t® tli« irnipimlm fkm® «p«6i-
mens *r«i?« t«at®i at ? witfti as follewst 
aiSFQ-grapla -©f th®' «mw» «ii p©lisli®^ smrfaets ai»« 
stofeonB ia figi»»s 2.1, 12i .mA X3# i?®»p#etiir®ly, 
Sph®riQ&3. iiielttai#a 
3p<"»to«p 
256 
257 
258 
I7.52 
30..3I. 
2.8.22 
l.t. III. 
ai.§7 
9.?2 
il.SO 
16.30 
Miiti^iml tonsil# t«st i|>«<iia»iis w#^# pr@par«(!l ia irMeh 
a #a.«s was flae#i ia fe# ©snt#p «wf tla® prism s#<sti©n. 
90 
fa&i# 8, K©rtai* ttnsiX© stjren^lis 
Upmimn »©• Ag® at test femllB strw^fehji P®i 
I? 28 522.52 
31 f $$2*$0 
3f 7 
It9^ 7 llOS.M 
53a gS ,^9,5S 
28 577.68 
im^ 7 38%ai 
u# 18 %88.06 
132^ ta 532.82 
as 550,53 
as 526.05 
a27^ 7 
A¥®i*a^' .109*03 529.61 
®®lags «arbl# af«0S»ii, toy mmtm li«asiom* 
K Aggi?®gat@ spteiaite, f.ra®%«i3?# by issytmi? 
Blftok elonga-fesd mmmn ia upper aontor, aM 
along fight stud lewti* edgm$ »« b'reak® in. 
mpXlm. &lmg gmmwml lis# ©f skarp »li®f» 
Blaefe stpealE: f3?oa X&vm l#ft &©vnm la break 
in r^pliea along gemmmX llm of tliarp i*®li®r. 
ttdt® ia figlit! e.«it©i» is •xtfaaeoms 
aftt®i»ial« I®t« pmmi,mm® in, l©w©r 0©iitJ«y|, 
r®pp©seating i©|>i»®s#i®a in ©.rigiiml swf&©«* 
FigttF# 11» .lleetroa ral©i»©g^&p1a«|, $SOOXg Bmm ftlispar 
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Mmmw blatk art as ia Imm 3.® ft ©orn@r ar® 
hm&ka im aleag general liti® &f htgli 
M©t# w«ll «i«fiii®4 «@®@ssiir® l®T®is 
of plaft# emtmm* 
Emrj felaek lln®® ia 1©W62? mx-mm sud aloi^ jfiglit ttpper tdg« &m hm-mkM ia rtpliea along-
g«ii#r&l lioes ©f iharp Horiaoatal 
liii#a ®f "fariafel©!! ia tnt&mitf <M& t© fiailty 
d®f®l©im®is%^ ortgimi ntgatiir©* 
Pigii3?» 12• BlaetTOBi •aioi»ogy«pli«^ $^OXp Bmmi JP®M.sp»r 
9i|. 
Wtlmk Itms In l®ft eefiisp aa?® rm4m 
hm&kB in tb© 3^#pll©a. 
Ill# higfeilig|jt«i lim #f Tmllmt tmm 
Ijh# l€w©i» #«nt®y tifwwi if. ®.n« th# meat. 
pir©ao\mc©i t%ma of ©b9«i'«:i 1» tli® 
Figar# 13# Sl@et2p©» ®l©y©®raph», S40OX,, p©3.ish®i 
fsliapai? 
96 
f? 
in ll#tt of traas-rerse .glass wafer, fh® t@n&mcf ot 
fell©.®-# i'p@©iM©JM. 't® fail mortar fraature, nitliowLt fallw® 
at tla® aggr@gafe@ supfa©e, it ii®fe®i in. tli® s®e-@iid paragrapla 
aib©v»» I-fe was obanr^fea fcliat t®n«il® t®.«% Talu## dftter-
ffiinid by ibrt-akii^ tlj#s© 8p«eia#»s in g®mrml iispiro-
p03?tioiiat®-ly M.gb a« eoi|^ai*#i wltti tfe® fain®® 4®t®«Biiitd fey 
br®i^.fiig sp«i@ta®a®. tb.# ti'ia.sir«fs« flas® fo 
|ii»©irid® data ©a tli® ®f orl«afeatl-®ii ©f Warn &ggi*®gat» 
«iii?rae® as a smppiewtatal «®ri«s af sp}©lsi®iiis was 
pfdp-arti la i^iifla fcb® prim @f th@ ttMil® t®sfe apmimen 
was 'r®2P%i®«l as ea®t« fli® tw© ®mi« ©f tli® sp®©ta®ti mm 
&mt m mm&BBiv9 a© tbat tli® fr@alilj plae®€ 
m&rtw ©n th® a.ggi»»g&%e smrfae® i» «aeli ea«®« 1®-
ciKS'® &t the &hm@i t«iid®Bey -®f Ifa® @arli®p 8p#©i®«ns 
t® l>i?®ak in mrt&r tmsim thm at th» aggregat® Mm?» 
t&mf. this mpplmmmmtml s®ri«s was ^«n tti® a@3?%ar 
last plaeed was -tto®® days ©li# Gap® was feakdii that tli® 
t«atia wtf'© witMn aa hou®', w>r® m- l«ss, ®f 72 
tmm til# tiB» ©f plaeiiig tb® last M®rtar, liiieh wa« la 
t«m plaead % to. fyoai tla# tims ©f plaeing ctf th® iadtial 
Korfcw' ©f tto® sp.®.eiw,®ii. fb«. t®s% F®atilts of tM® »ap.pl«-
®«»i®a aa*® shown in fitol® 9. 
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fiibl® si«pi#s 
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Sarfa®# 
wa#® 
lfe3p%KP'-sggregat« 
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by morfear fe®iisi©n, strass## ©aleulalsii^ foj? 
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IIMPiroiif Mf4 
dftta of vaia® la &hmklm lsypotk®si« 
atvaneod afeo^e utr# toy ffeorraMnoa C2SSj|t in a 
pBkp»T wttfe. %bi»' of ©l»«ioal of 
^agg.|p®gat® oa of it@a««®mr«4 poi^lani e«w»t 
m&ttmts* Tim data j?®p©r%®d in %hl9 pufelioatlon ar® ba««d 
m t@it« of wajptar t«ayilom teifmetg aad® pw« idnoml. 
aggmgrntm* aiuoFai $mm%tgsMe€ 
woip® t®»t®d aftoi* -iirajp st»ag® for St te#,.. di»p stoipag® for 
% te, folloitod amt®®a.«¥® at 15®® 
t«»t at St to# * mi daii|) at»ag® foi? St te# follo-weA fey 
ifatar o«?» f©i» 1% aoat^lfem * fhowmMmm* • pnm aineyal to»t 
data |fa%l® 1, f* Tfiil 'ar® f®fF®imo®il aa fabl® i©» 
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•Twi©iaa alBtrals as ^gj?«g&t®s ink. hj mlmm) 
Cll3i©yir&14s®a»i 4atm) 
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bmbbl#s on ifc® sm?fa©@* On tba fe&sis ©f th.m& 
pr#llaliitti»f r#«il%s, feM» MM mm 
t©^®rataip#s dmrlng tlaes# ©xpl«ra%@3?f aa.«i# to Mareh 
m& 4i>Fll,. 1956* WW® trm 19® t© 2# ©• 
til® ©©mrs® ef fsb® giiiw®3?» t®a5>«i»at»r#» In tto.« 
*®isfe rmmg. mrm maiaiikilf 'hf atjmtiag tlw 
wlM» #f th@ gpraj# w©r» im tmmme %&• Wm 
gmeitWil i*iaig® of tl® t# -22® §» fariatlon# in wmt«r mjat»m 
pr®8»i»©t •©!• ©%b®p uamsea^i 1#4 %o lew velm# @f #p3?ai ilii©h 
lE fottJ? insfem©®! %«a]^ratmr®s ris® t©' 2i|.® &v 
2$'^ Q» Xn «a®h mt %h®B® lnstme®» •¥£4®ii@# ®f iiieT®as#i 
r®tteti©ii rate 1s®tw®#a %h» &Xvmimwm a®ld liniiig aad tti® n®a% 
past# mm ©ba@2»¥©i. tm. m% ea«« m aoti©®abi« •eurva'-
tmi?# ®f tb® pipia» 8®«'bi@n ef tli® was 4«v«l©i>®4. 
Stebstaatial tebbla f^watiom •©» Isli® &ltimiia»««ort&j» smtmm 
mm «ai plm<6S ©f ii®-®aci».ss w©^® temm§. ia tto.® 
m&vtm? Si@s® l®i tm f idlmr# at i»@latiir®l|^ %m 
t®M®s ©f tlj® «©^lms ©f rmptm» iSi®a t!®st®i ia fl®»y®« 
milj did this &pp«s:r t® iaflu«ii©® tb® tauail® 
strftngto renelt® iireetly^ it 4®®» aeaomt fer th» laek 
©f iis®fml valtt®» ®f »©€ii3.u» ®f f®r mxij of tia® 
®p«©i«««EiS|» iwt€ protoably ©.©ntylbrnt®® to <ti® IW'g® irasjlatioa 
in tmsil® t®st y®salts# 
A a®®®fii «ff®et aipparmtlj- -aris®® twm. %h.® o:pi®iitatioa 
of th® .ftK:r®gat® wafers as east#. W^mmm -Iti® plan®® ®f 
3.12 
m&Mmsn of tii® <im# to tfe.# aliMlatM r«aeti©a 
as teasil# ©f tla® Mritned 
past®-, leading t© .fin© eraiska &eF©sa tb-d'topa &t th® S:p@ei-
asnsi a <lif-f©r®nt phmmimmn m« -on. tli® w&fei* mut-* 
tmmrn •®ils mrimm t«M«i t© b® ¥®11 fe©»d®<i &mmm th® t®p 
of til® «piieia@3a, Dmt t© to® p©#i?iy b0iii@€i t® th® point of 
€i.«playln@^ a film of i#«t®i'# mm»» tli® l©w®3? part ©f th® 
aggP'®iat» wttf®3? siai*fa©«* the ©bstrfatiom ©f this O'0ii<iition, 
together with th® di«pr©p©i?tioaat®lj high Ijond strength 
-r'7 
i«v®lop#4 arernnd th« glass aarhl®®,, as ii®teti ©arlier# smg-
g®ats that a film ©f water fows ©a th® v®rti@al, moolii 
smrfao® ®f th® aggregate wafer# mA ®ff®etl¥«ly pre'rent® 
th® (i®v®l©f3a«iit ®f normal hoM str®sgth. la »o»® ap®®ia®n® 
with no fr®» water on th® «.2it«rior smrfae®, th® freshly 
fraetmred mortar-aggregat® smrfa®« womld aetmally r®l«ai® a 
sraall dr©p ©f wat®r whish woaM rm i®i« and irip off of 
th® sp®®im®ii« 1© rational ®^lanati©m is off«r@d for this 
behaTior# It was aot ohser^®*! in th® «|>pl««®iital t®asil® 
t®at f«ri®s ©f fabl® 9# in i^i©h tto® aggrafat® swrfao® 
formed th® hottom of th® mold ©avity. 
fh® ma® of te®TOS«ii« as th© lubrieatiag ©oolant for th® 
diamond saw on whieh th® aggr@gat# wafers w®Jt ©at p-robably 
imd a d«tria«atal ®ff®ot on th® h®Bd »tr«agteh» Sp®©ia®ns as 
©ttt M»r« riii®«d in earhora t®tra®hlorid®,- dried#, riusad in 
aoatonoj, dri«d, and plasad ttM®r i#at®r for at l®ast an homr. 
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gwmr&llj longer* prior to plaolag in th® wjld» fartiemlar 
ear# «a« feakeia tlaat -fctei# &bM&rbmt »at©pials went 
tterorngblj satmrated# turfae® dxj at tli® tia® ©Jf plaeiiag 
lai© aoptsr* Xn aiditloa %& abov® elt-aalug proaeior®, 
tlm M^ly abs©r'b®iife §®pl©llt« was boile-d in ©wtooa 
etoloylit t® wmm® all tra®®s ©f ©il. All trm®B of odop 
w»r# filiiiiEa%«i» Imt a light teff stainiBg p«r»ist®<i» 
In willing with tb« feldspar wafers,' pr^iJariBg f»®pli©a« 
friwi iliieh th# #l®®%roiii »iei»©ippii.pl» ©f Fi^3?#» 11 to 13 w®3p« 
taksfit was #iria®»e® tliat tb# oil film was a®t ®©«-
fl«t®l:y i*®»ov«i, «f«a aft«p fmFtber semto'bing witto 
^•alia# It is ia0®©riinglj ®(&nsi4®r@i provable tlnat tra©®« 
®f ©il hmrm 0©atritet@d to strength Tariatiom* 
Is iaii®at®i la figar# th# @dg®« ©f tk® iiigg|»@gat© 
imter 8xt®iDft s®a®i^at b®joiii tli« fae# th® prisa s®oti®n 
©f ttoe t@ii«l©a si>®®.i»®ii» ®ii» ®«t«Miiig po3?ti©» of tli® 
&Sgt®ga.%® w«f®** fit® int© a ilot in tto.® sii® of th® wmM» 
md th® w»f®v i# M®igai iat® tliis sl®t to Iwali it im proper 
aligi»i@»t itoing th® ©a»tiii® ®f tii® ao;rt«r« So®® iF3?®.@i-» 
larity in th® tbl®tai®ss ©f tto.® waf®fs» ®ii4i la a f«w ®aa®®, 
sf III® smrfae® sa©®tto.n««st e&ms@«i s©«® irajpiatioa ia tia® suf-
fao® of tlx© bstpdan®*! mortar in tlii® region. A r@a#©aably 
el9«a, trm® odg® was msiially obtaiiati# l»t ia ®«v«i»al ©at®# 
a smfettaufeial fill®t of wortear wa® f©»©i b®tii®®a th® plaa®s 
©f tto® spe6im®n aid® and ©f th® ©•st®nd®i aurfa©® ©f tli® 
Ilk 
'b®li®v«a fco b® lalnor, tli®®a varia-
ti#iw pr®fealbl7 aff«eted BtT@ngth Talm«» to s©a« ©x^ent* 
fwo e&wtma ®f pessifel.® vai>>iati©» ar® tb® m%mr 
and fell# Ail*®#!; @f eurlag ©n sfereiigtli* 
ftp mfcen? waa as#«i» 'itell® Jtoparitlei aj»® a®asw®<l in paints 
aillion, it i« pmBlhX® tMt variations ia 
til# water aappif al^t th® t#st rasmlts# Someiiliat 
»©*•« sa»©feab3# irajpiftti-oii is st3?®iigtli 'a^igbt b« ®xp®et®4 fiw 
t© C. vai»iftti©n in ©wing teafMsratup® 
dwriug tb® ©©ttr#® ®f th.® t®st pr©gi»a«. Hiia vai»iatiisn um 
mrmr mMmn ©noagti, t© <i«v©l.©p tli®OTsal #ff«®ts» but eouM ^ 
liav® affe®t@i straagtli gain aj»pr®®iablj» 
finallf, all t®»t data, tmm fables 5# % ©» 9» ar® 
til® i*®®alts of t®nsil« t®»t8 @f • brittl# materials • Sm®h 
aatarials ar® ®»p®®ially 8Ut©«{*tible t© »tr®-«» ©®a©«ntration 
fasteri» ®f ^at@v«r earns®t aM# uniar t®nsil® t®8tj» Imv® no 
©pportmitr to fail prog3?#»siir«ly ani aijtist to loealiaail 
«ic0®i«iv® 8tr®s»» $®ir«rai tht p©««ibl® aomre®s of varia­
tion mention®'! abov® not ®alf vary tii® «ff®otiv® strengtii, 
bmt lntro<ime# str®»s raisers as wall# fit® variation is tli®n 
eon«ii®r®d t© b» iownward fr©» a trtt® value, ratiier tlian 
about a trm« valm®« 
W&VLT ©f tlx® «®ts of tansil®. t®#t straas e«p©n«nt» 
listai in fsbl® 5 ar® oaittsd frffla tb® average valuesi aa 
in4ieat®4 by footaot®. Qm» glasa sp«@i»®n» 28 4ays ©li. 
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thm ap©ei«@iis ©f tti# smppl®ia©n%al s#ri#s in wMela th® 
«iggr®gafc© wmimw urns laaiinsd 6# to thm uermal failed in 
mwtw m iii4ieat®d in tto.© f©©tii®t« fe© -fabl® 9» 
fb® t®asil® t®st ir«lm«s ar© met, ia ••IM# ©as©| br©^iiig 
StP©llgfel«f# 
On fell# baaii ©f ofea©rTati®n» tfe® m@m$» fc®Bail© 
stress of #a©li ©f tfe# aggr#gat© aatarials# a» indie atin 
fabl® 5 ^ '©r 7 m4 tm tS €ays, i® tak#ii as tli® aigaifieant 
aggr®gat©-iiwt» lioiai st»iigtli* 
0:Kfg®n teil3®rs 
ak®Mi©al ®«p®siti®iis cC thm mg^agat® ittat©rials ar® 
sfeofWB in fabl® 11 • Si® eb,®ffll6al ©©^©sitieaa ©f tfe® pw® 
minerals ar® takan from M.a©l»ll (29)» ©x©©pt that f©r 
«®pi©iit®i letoisli is t'lytees fr« Maraball Ci9a)# It is ©ati-
mat®d tbat' tti® p®riaiitie iat#rgr©wtl3t pr«®®iit in th© f®Mapar 
iaomts t© $ per ©©at, aa iiiiieat®^# Tb& ©xit® analysis of 
tlis «©rt«r apo@ia#»s ©©naists ©f th® o#M®iit ©©^©sitiom a» 
fiaruish®^ toy tb.® iiaaiafaetw®r» with 16 •? par a®nt of -fe® 
ffiortir w®i#it lus ©«lJiiiio4 water i2Q par eent ©f th® @®m®at 
ii®i^t)# ®iis p@re®iit^® i« baa®d ©a wismlts r®p©rt®<l toy 
Bogm® (if., p.» iniieating- abOTt 2l|,. p«r ©ant water at 
e©i^l@t« liyirati®»» Bi® osi^® aaalyai® gifau for tl*@ glaaa 
is tlMfct ®f B^rlasatal ®la»« 1©. 7, fib la S.#7, Jfeilips {2t, 
U7 
fabX« 11, C5h®»leal eoapesitions eC aggptgat® aat®jplals, 
oxfgm &t©ii j&mhem.t tad p^pe^ntages loaie 
i&araefctiP bendiug 
SheiAeiJL #®ap©slti®ii Mllloas of 
©xjg®ii atoms 
p«i» St.^  
f®r®@iJtag® 
lO'Ziie ohara®' 
t«3P bonding 
S#pl©lit# 3.7a 37.60 
Ww?%ar SlOg 
Alg©3 
2^% 
Kg© 
«&0 
S©3 
- 22.3i8 6.10 
-
- i.S% 
- ^.l^^ 
- 614..1JJ 
- M  
- 16.7^  of nortar 
14.9.16 
tluss SiO 
GaO 
mo 
&.lgOj 
- 73.8^  
- lo.sss 
- 7.0^  
- s.oa 
- 3'$% 
i».2.20 
ealeit# 13.75 30.72 
siOj II1.25 37.32 
f^ MsP'ar K(31341 >08 - 9556 
HatSljAlleg - SJS 
12.38 Mi-. 77 
Bwyl BejAlgSl^ O^  lij..f8 ij.1.29 
Spo€mmm UAISI 2°6 17.11 
lie 
p. $kh eoap®.iltl@B ©jf 'idiieli is #haraet®i»isti© of 
ordinary ocmaerolal li»©-s©d& gla»»« 
•Ifefta aoloemlar woiglitis w«r@ o©Mpmt«d for tli# v®3?ioa« 
aat«i?ials»- Ito® iiat»r of eryatAllisation of s»pi©lifc« w&m 
in@lMM0d» Mqulml»nt iralw®.» w@r® ©o«piit®i for tb® glaas 
ami for ittortar on th® b.««i« ©f th# oxli® ©ompositions • 
water of l^ratioa of tlio was isiolmdoi in fcto® 
«^if«l@iit gras molooular woight ©©»ftit®i for aortar. It 
is «ionsi€»r®4 tlsat Ija th® harieaoi w»t®r-e'«a®Jat pa»t© this 
aaomnt of wiitor is feoimi in a ttamjor at loatt aaaloifom® to 
tbe water of ofyttallisatioa of nataral «iaerala. 
gwm iBOloomlar w®iglits w©r« iiTl<i®4 toy.tli® «p®®ifi© 
gpftviti## to (a#t®iwiii® th® rnquiwmlmt wotTmm, Fro* tbos® 
TOltasuts tb,® naatoora of- &xygm atows p@r wiit volw® w®r® 
®o®put®a msiag 4T©gair©«a aiii^or# fh®s« i#®r® them eouvorted 
to nii^ert of ©:^g®ii atoas per »<|ttir® »ier®» of smrfae® by 
oftlomlmtiia® mmlb^r ©ontained in a voim® O'ne aieron 
sqmar® ani 2# 8 A tM©k» Sii« Imst ii»®mloii is tb® aiJproad.-
mat® iiiita«t®r of %lm &xjgmm ion a» It ooisttr*' in ©rystaliin® 
minoral»* ®bi# «iaa«®t®r iiat Mm imls&mimi W 'Srstm C5) a« 
2#6i4. I« slightly larger f&la® w&m ms®4 for thes® ©alou* 
JatioiM feoems# tb® &xjg®& #fe®«ts of Miaeral latti®®® ar® 
sml>J®©t to slight 4iatortious ©n aeooimt of tb® Taryisag 
sisos of th® otkor atoms with wMoh th»y ar® ©oii'bia®i in 
»akiisg mp th®' ©rystal atwietur®* For ®K«pl®», th® <ilff®r®iit 
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ml©!.roii* fii®®® matomu for tfa® v-arlcnis agg*««-
gftt® i#af#r iiftt®rlals mp® sfeows in fmblm M. 
fh® rates ©f afesorptl©ii. of fatol# 7# !» of a 
fp»a» p@w aqmaf® ©.®»tlm#t«r ia §0, sm*^ mm a?«p@&te4 f©p 
i»(ia€y mfBrmmm in fabl® 12.# 
fte® w®3paf« t«®sil®. ®tr»iigtlis fw •aeh aggp#gat® wafer 
aatw-ial# a« ®b@wa in fail# 5 7 awi. f« 2i €«y 
mm ali® f©f r#i.% ia fabl® H.* Am aiti-
ti®i«l atip®agtli fiiltt®#, til® g«t.SM in «ti*®»gtto. tr&rn 7 t® 28 
t®»ts« is Bkm-m.* 
®i« Qxygm numbmB dm&Tib04 &h0r@ mr@ &1$& ©«*• 
pmt®d for th® pw« mineral &ggi»«gat«# ©f fiiormli#©!!*® test 
data C26), a« mpm^Aumd im fatol® M aber®- Fliutf qiis^ta-
it®, ani efc®rt M«r® i«itt®i# tiws® tb#se ®at«^ials:i, wMl® 
«ss®iitiallf pmr® ®li®ffltieally|, feair® a wide ira3Piati®3a ia 
piiyaieal mitrmgmmnt^. Ma®a»»it® and ailliaanit® mr» 
«itt®i Sim®,, ia 2*®#p®as@ t© a diaemsai®® %y teig®r» tto® 
amtli©r Ma ii®t@d tteiat hotth ®f tin®a® mtejpials ar® erypt©-
ery»tallt»®i wmpjing mmvmM ©f lapwiti®#. Th® 
iralm®8 f®r th® ainayala «ttt€i®4 aa?® sh&wei in fabl® 13. 
fer r®aiy rafaran®® tli® ippli©al>l® «tep«agtb valu®» of 
fluwraldson*i data ai?® al®® r®p@at®d in tafel® 13* Sh® ttop®« 
valw»s gi-rm f®r th® diffarsnt quarts®! in Tabl® 10 are 
aferagei in fafel® 13, fhm «t©©lav« atreng^ valu® for 
i^artit wteil® aliowa, ia ©aitt®<l frow #iil380^®nt e©n8id®rati©n, 
aine®, in tb,® !Wtfeor*s sloaare to th® original paper# it ia 
m. 
fabl© ,12. Qxygmn ambers, 
&tP9n0h,& 
«xf atos0i»pti©a, «ii averag® 
laitrlal Qxy'gm awl>®r« 
aiifioas »&»M 
Atoms Mt®9* 'Iff#®-
tiv# tiv® 
i®ns 
ftat©« 
0t ab«» 
«©i?p» 
hwi* 
i3P©4tli» 
®f ^m/»q 
mmm® 
day (iaf 1-28 
3«pioli%« 3* II 1.1^ 2.32 31-®t 68# 82 37»ao 
Iferliar 6M 3*00 3.I.© 3.33 68.92 09 •S® ao.66 
f«M#pa¥ 12»38 ^•8i|. 0.01 63.8^ 72.I|6 8.61 
12.1|0 7.1? •- 18.51 k$*w 16..59 
Oaleit® i3*n 5.3t 8.10 —• k2,$Z 61^.39 21.87 
0b.@rt 8.79 0.6$ kl*2i 56.95 15*73 
Qatrta lk*70 5.63 9*©7 ©•01 57,6a 69 a3 11.51 
Bsfyl ili.fS 6 at 0,7f 0.01 56.66 91.77 35*11 
SpoteiMt 17»11 7,71 •9.3l|. o.ii SiSS 87.65 36.30 
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fabl« li4,* Pip©dta,®t mmmt .e©i»3?®latioiis ani t Talm## 
Awerm* t#asil© Oxfgm mt&m Wt&tsHre 
stmmgtha Pssjgm rstlmm 
lorn Gssjgm 
Oxjg®!! nmwbtrs a¥®3?@g<i str^ngtlis 
7 &e  ^ 0aiS7 0.1117 0,0i}.9f 
m t.OOii-f 0.1155 -oa387 
A 7*28 iay -©.1504 -0.1900 
Cfe) Oaygtii md rat© ©f al>a©rp%ioii ¥»• av®rmg« 
t«n»il® mlm«s i» p&.mnth«B9»} 
7 day 0.1258 
{0.20371 o..af7, (0.7300) 0.1376 (0,2Si#) 
28 -ilar O.I|.f25 (1.3121) o.659f (2.0636) 0.2862 (0.0272) 
A 7-28 iftj o.645i • (1.7793) 0,65f8. (1.71^52) 
0.5818 
c1.3121) 
i@) Oxjg«n fe«fiail« »t-3P«ngtilis (Th&wv&Msm data) 
52 bp# mntmX -0.1105 0.1571. •0.2516 
$2 Txp* mtmlmm' 0.1Ii.f6 0.6105 -0.3561 
^2 lm» 4  ^ ik m0nth -0.2300 0.2792 -O.I1.071 
A 52 0 - 52 A 0,2OI|2 0.5396 -0.2503 
A 52 S . 1% » -0.1797 0.2283 -0.3258 
125 
approaelies feMs mfiitoiia, 
p3?-©dmet ©.®»#laticms @f fabi® 24ife) 
Hfprmeb failles, pai?tie»la3?ly tk® 6«rytlati®iis 
th® ®ff#©fclir« ©xyg#m i®n® ftM th® 2® 4ay averag® 
ten® 11® st3?«ngt&s, ami th» gains in Btm&gttiB ftm 7 28 
iay®l itad tli® ®^g«a «t©«» and tli® gains Im strfiagtfe 
fi?«i ? t® 20 ffews® ¥altt«« ar® 0*6099$ 0*65f8# «ai 
0*6651# ^®sp®e1?lT®ly# Bsy #l3& i®^gr«®« of C»-3 f©j» 
tto®® Tsriat®s), t&tomlatj®® m al»law 8igiaifi0«tr 
Mltlpl® c©i^@lati®a ®®®ffiei@is% ®f 0#?t5 C2^a# falbl® 13»$ji 
p» 21l|.)» fb® e©»®lalji®B ib«t'M®®». tli® vmlmme 
@xyg®a at®iis isid the gmims ia slJi*«Bgt:b fr®» 7 t® 'toyst 
0»58l8# ia lar-g® t® to®' ®f sli#it «lgaifi®aiw®# 
fb® wltlpl® pro'daet #®3»3?®latloiis. ©f th® pi?®irl®ma 
paipagyaph ®11 r@fl®st a©t ©nly %h@ ©f tli® @acyg®ii 
iM3rt5®PSf tait ala© %li® ®ff@6t of fe^@ rat®® ®f ai»»©yf>ti©ii« 
In ®M®r to »®parat® ttj®s® two Twiato'l®#, tli® % falu®® ©f 
fabl® w®y® 0o^mt®€ to t®tt th® si^ifl©®!!©® of tli® 
oxyg®a ii*rtb®r® aloa®, ia ®a@li #as®* for tMs ®li.«©k only 
tl» ip®latlon®Mp b«tw®®ii tb® ®ff@otiT® oseygen. Ions aisd tb® 
a¥«rag» t®a«ll® sti*«iigtli at 20 i«y® gppfoaob,®® aigiaifieai»®. 
,F©3» «ix d®^®®« of fi»®®doffl Snedeeor tatoiilat®® a atniwrai alg-
alfieioat t valu® of 2»WI C^Sa# fabl® 3«8, 55)» 
against iiii©la lii® t mlwo iiotod i# 2«Q63$* fte t Tain®® 
for ojgrgen. at©®® iaad for ®ff®©tlT® mjgm lonsi, botli 
m 
with tb© gaiag in stfdiigtli fiwi ? t# 28 
X*nf3 asad r«atF«otiiir©l.y, arm larg# eaemgjj, fc© hm ©f 
slight slgnifieaB®#, 
Most '©f th® prs'diiet «»«lati©a® @f fmtol® 14C®) 
ai?® s# l&w as t® b» 9f sliipit if mj sigiilfieaM®. 'Bowsfer, 
for ««r«la,ti©ii to»tw»@a ®ff«otiw ©3i^g®ii i©m «<t 
atrmgtlis at 52 b,®wi witb «<l iaJtes la strength 
irm $2 1mm mn%T©l t© $2 hpm nitli 0.6105 
0*53f6i r«»p®etiir«lyi ar@ wltMa ifci# rmm sigiiifiea»®», 
'Hi, ®f £wm^&a (a-2), tabml&tts a mini-
aiM aigjilfitant e©3?»lati©n #Q@ffiel®»t ©f ©«li.f7 (25^# 
fabl^ T#2, p» 125) • '5^ e#i?F®lati©ii ®ff®©tiir« 
Tal®n©@ ®3Ejg®a at@Bis and st'r«ngtl3a at 14|. »©ntlfciS|( 
is lai*g® ®ii®wgli t© h» ©f #oa« iipiifi©aiie®« 
aMKi®©©!* <25a) plae®s tli® miraS«» tlpilfisaat "ralm® 
of tl3® ©©^^©lati®!! e®®ffi©l®,iit ©I? ©f th® t valu® at tiaat 
©or2*®«p©aiiiig to tk® 5 P®** e®iRt l®v®l tmiei? tto® ©©nditien® 
iiif®stigat«i« aiii^l®s hmtng tM® iniisatai o®»®la-
tion OT t irate® ir®mM b® ®^®©t.®4 t© ©e®w ©nly ®ne® ta 
tmmtj trial® if t®k#n iwm a r«at©a p@|>mlati@B i» 
tli®jp« mm a@ta.ally »© ©©^filatiea. 
fh©:p'raM«©ii*a data, aboim in f«J&l« 10^ id.tli tli® ©©riP®-
latioi^ mmtm @xfg@a nwiiars m& atrengtlis as atmvn in 
fi&l® «ip® in g®ii®Fal eo»parftbl® t© tta® t®st iata of 
tMs staif* It i® notei., li®w®^«rt ffe©pml€soii< s 
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o 
o 
o 
0) 
Y= -2.66 +12.14 X,+1359 X 
AT XjsO 
O 
00 
O 
O U> 
O 
— lO 
zO 
UJ  ^
UJ 
2 " 
UJ 
UJ 
Y= 20.13 + 4.97 X, +3.99X 
AT X2 = 0 
7 DAY O 
28 DAY • 
X|, EFFECTIVE OXYGEN IONS, MILLIONS PER SQUARE MICRON 
FIG 23 - EFFECTIVE OXYGEN IONS VS AVERAGE TENSILE 
STRENGTH 
129 
o m 
•o NOT IN CALC 
N ' 
O 
o in Y= 347.3 + 10.46 X 
O 
•o 
o 
o 
REGRESSION 
LINE O lO lO 
~ A 52 HR, CONTROL O 
5 2 HR, AUTOCLAVE • O O lO 52 HR + 14 MO 
Y= 52.2 + 18.38 X 
O lO 
CM 
O 
o 
— w 
o lO Y= 77.7 + 1.82 X 
O O 
>-'0 1 1 L_ 1 o-
5 6 7 8 9 
X, EFFECTIVE OXYGEN IONS, MILLIONS PER SQUARE MICRON 
FIG 24 - EFFECTIVE OXYGEN IONS VS TENSILE STRENGTH 
(THORVALDSON'S DATA) 
3.3© 
gr©mp ©f It th# toae® of tlj® ©alemlat«4 2»®gj?#salon 
plam ©n eoorilnat® plara® d®S0i?'l"b#«i abov®* 
fijg^T9 imeXrlm only %m varlatesj, 1» a simple 
tii@«i.i»«a»i©aai F«Fi*®s«iit&tloii» fh® straight lines ar® th« 
ealomlatei r«gr@s»io» lines tor #a<ii gromp &f points. 
fest Stress e©»pOR®nt/MoiMlms @f Kapti»e Bati® 
fl» «l©agat®€ prisii »@©tl©a ot the test sp®@.imens 
affordei. m opi>@rtitiiitj t© evaluate the aortar strength of 
each speeiwsa la f&ieh was intended as a hasis of 
#®Mtr@l for ths ©.©weotioii ©f tensile test strengths in 
the efent of ©mring variation. B&w&Tm, as noted ahoire, a 
high proportion ©f these •raodmll ©f - rmptmr® were of no value 
diae to the foraation of gross flaws in the speeiaens. 
Heme n© adjustaent ©n the basis of Mueh values was attempted, 
l®i<roveri there were oalemlated ratios between the tensile 
test stress e©«p©nents and the »@dali ©f ri#tttre. fhese 
ratios ner® ©aleulated for the flejEwr® test resmlts ©f the 
partienlar spetiaen im&lmd where smeh results were airail-
able* tm other ©asest they were ealom.lated on fee basis of 
the root^ swan sqmar® value of the aodmli of rmpture for all 
lasefml valmes ©f the- s«e age sp®e.iwin* 4verages of these 
ratios f©r the various aggregate mterials m4 mtew orien­
tations are tabttlated in fable 15 and showa in Figure 2$* 
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fabl# l5* Avei*ag» teaall® test ttrtngtli/moimliis of rmptur® 
i»afei@S 
Asgr®ia%« Sarfa©« ? day tfertaglsfe t8 day straagtb 
«igl® rattea gafcl#a 
07* •'• ' (T/w r/m 
Sapiollta |0? fe® » $# io I 
0.056 
llS 0
0
 
.
 
.
 
0
0
 1 0.080 
0.065 
0.072 
mm 
0.037 
O.I2I1. 
V@nal 
30: t® I 
60® t# I 
0.055 
0.096 
0.107 
0.056 
0.186 
0.066 
0.060 
0.105 
0.03% 
O.1S2 
#la«s lomal 
30; to I 
60® fe® I 
o.op 
o.c^ 
o.oaa 
0.025 
0*038 
0.0k3 Q»Q3Z 
0.038 
mm 
0.030 
0.066 
Galelta I©»al 
30® t® » 
60® I 
0.066 
0.051 
0.05I1. 
mm 
0.03 
0.093 
0.082 
0.03% 
0.079 
mm 
0.019 
0.137 
»©M®1 
30® » 
60® t® » 
©.OA 
o.olo 
0.065 
4l»«Nl' 
0.03% 
0.113 
0.05^ 
0.056 
O^Okk 
«»4Mi 
0.032 
0.076 
feldspar »®Mal 
ml to I 
60® %m I 
0.Qi|.2 
0.112 
0.08% 
mm 
0.065 
0.1l|6 
0.082 
0.07,5 
0.0^ 
o.ou 
0.097 
^arfe* loipal 
30® t© » 
60® t® I 
o.o5t 
0.091 
0.066 
mm 
0.053 
0*115 
0.082 
0.06II. 
0*059 
mm 
0.037 
0.102 
Baryl 
30® fe© w 
60® t@ 1 
0.005 
0.070 
0.07Q 
mm 
o^oko 
0.122 
0.080 
O.lHi. 
0.093 
m-m 
0.066 
0.161 
3©® t# I 
60® t© w 
0.0T6 
o.op 
0,086 
mm 
O.O2S 
O.Hi-t 
0.085 
0.09% 
0.092 
0.051 
0.160 
7 DAY 
28 DAY 
SEPIOLITE 
I I 
MORTAR 
CHERT 
CALCITE 
I 
FELDSPAR 
I I 
QUARTZ BERYL 
M U> 
ro 
SPODUMENE 
I 
FIG 
AVERAGE TENSILE STRESS / MODULUS OF RUPTURE, X 10® 
25 - AVERAGE TENSILE TEST STRENGTH / MODULUS OF RUPTURE RATIOS 
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@ha3f«©fe®r «f th« eafeions prmamt Is of grsals imp©i?t«fte«.. In 
til® t®et@»13,ieat« tli# pr@<3«lijant ©atlen i« th® 
gili©©B, wifcte ife# fenrfoM, ©i® 
silicon ia in fei# fh@^siti©», in fe® t#@t©«ili©at«s, 
©nly fey til® niiiaiawi# in a similar ©©ordinfttlon# 4a nott4 
ate@ir«, fe©tb ©f tli»»« ®l«®nts liav« powsrfttl b@iids Mith 
©xygsa* fhfc® •otht»f' eatieai fea-ri® relatif ®lf' w®«j£«r teondi with 
mjgm* 
r&piti, ©arlj atrsngtfei ga.in on tlj® hmnA twfae® with 
tli« Mertai* w&fsr is p»rtoap® in® to tii« fast that tla« TOrtar 
©f whieli wafwr wm ita,#® -ms onlf a aatt®!* of M®®k» old, 
so Idiat tb« ®ira«iit of t^- wf«p its«lf was still oapatel® of 
i«v«l@pini bond liiita,g»» with th® mw g®l atrm©ttar®» of tfe® 
fvmnh mortar. 
&a® fnrthor observation t® «ai®# In tli® sas® of aaeh 
of th® thr@® tootosilisat#® thar® i» a iistinet ©rosalng of 
th® T 28 -iaj line®, fh® siai® ph«a®®emont although not 
»©• iittiiifitji ii also pr®s®nt in th® ©as® of th® mortar 
«ggr®gat®» lo oEplmation for this pattern to® b®®n 
i®T«l©p®4. It a&y not to® signifiaaat# h«t lt« ooina.rr0n©® 
irith ®aA taotosilicat®, aM siabatioitial abiiono® in all 
o^®r oaa®®, i« o©nsi4®r®i mrfW of not®* 
X35 
fl» feoM Mtrmmzth. i«wlop«d on tli# p©llsh«i 
myfsess aT«i»ag«8 Jmst mw t®iii|;li« ot that i®v«3.op«d 
on satm smrfa©« wafers at tb# f«® ©i»l»iitatioa» fkm 
t«asil» mmpmmt aT#rag®» alaest 1|S P®t amt ®f tl» 
teniil® str®#it eo«poa#iit tm all f®ld»par m£@>v» 
witb «a«i to «3c«laatl®a ©f th® tlnntron aiei?©-
grepljs ©f fip^ws. 11 to 13 su®$sts a tentativ® ©apl&nattoii* 
4 bs»i@f #mtlin© df th# t©etoiqme of m&'klng th«.«® #1®®* 
tron mlowgraphs srill assiat ia -ttoelr intafpfstatioa. fh# 
©rlgiml plat© rm^mtu a rn-al lia&g® of 0l#©tr©n rafs, 
Aieh hftv® ¥«®ii tipan«mitt®i ttoomgli th® «p®©iia®a. Slii@« 
feMiipiup ia net ti?taipai»«at to @l®etr©» . th« pr«par«-
ti@ii of a replita. i# It wa» f©mM that su&h m 
rmpM&& mmf h® pr®p®.i*®«S mniiig 0©ll©iifi. An initial,, thin 
film 0f if®latiir@ly iilmt® eolloiia is spre&i #a th® awfae® 
ajat fellonftd td dry t® hsypia®ss. It is gif«a a baek mp ©oat 
of a thiek®!* ®©11©din, whith in tmra is all@if«d t® dry* 
fh® ©ntip® hard®!!## ^©lletia r«pliea i® then, p®®l©4 ©ff» 
ttaiiig water utolth,# to its high wdtting p©w®r ©a f«14* 
spar, atiists in timing 'bto® fila. fh® ©©llodia i« th®ii s®-
©nr®d, rapliea »ii© ©tttt t® a gla«# slid®,, asd ipM shaiow®i 
ia vmnxm tmm m angl® of ahomt 30^* ^ ^  
eoat«i hj a rm&mm i®p0sit@d layer ®f siliea fr®a m angl® 
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137 
«iis®ntiaIX7 planes* flMii* genaml appearsni^o la 
muBiatmit with tMs 'ri@¥« fh« aitm ar@ eiiarae*. 
toy r®lmUir»ly wii® st®fs,, oj? «l»lv®s, witb frastiii?® 
mo>wm ©r l®«i vtrtieal, b®t»®e8 th<^. ®h.«r@ l»p 
i» mj ©w r®pli©&# a rapt® <lli»®et:toiml e3?l®ntati©n ©f fc®i« 
fi?a®tar« smrfa®®®, irnggtatimg tbat may b® i»«lftt®d t© 
fe® ®3?t®iitii%i©ii ®f fell® s.p«®i««ii again«% tli® saw lilad®* 
thm. tMst ther® i« m ©•irM«a@« @f «a.w marks, fh® 
p@:ll»b®i gf®eta®ja« »® @ba3?a®t®ris«i toy a a©3?® mifor® 
^atral ®«rf«@®, iatsrrmpt®^ at mmmm iiilj»rv«2.« by aa&ll 
wisa-llk® pr0j®®tl®iis hj awe ®j» 1®«» Tertieal 
frmeteip® -tmrfft®®®, t.ljiilaa' t© tostt ii©t a® Mgli as tlaos® 
s@piiri,tiiig tM® slfe®lv®s ©f sam »p®©Jj»«ii.. M® direetloiiaa. 
pattern itpp®ar«# Si«r® app®»r« t© to® ©©nsideratoly 3.®s« 
relief ©» tli® ptllAei siirfft©®. 
it appear# tlutt# ©a the »mu siirfae®, tli®r« is a 
#©33Sid»rabi@ smrfat® ®»a appr@&©liiiig a p#.r^®ndlemlar t© 
til® general swfaoe* toy dav®l©i)®<l ©n tiilii s-arfae® 
w®mM b® abl® t® r®ai«t & tmbitinttal stress nerwal to tla® 
gimeral swfae® before tlie t«isil« »tr®as a®K>»» thm in-
©Itnea, iiirfa©® re&®h«d ©ritieal lewis,# C©aeffipr®iitlyi, ®jc-
f©«ei ©©raers ext«ii ta m&m ©r less ©©iittiimoms lin«s f®r 
©©jasMerabl® aer®ss the aineral. F©lari»ation aa4 
etmcteral «er®®a£isg aloag •%©! wemM b® r®latiT®ly 
.l38®ff®etiT®t l«aviag a hl#i |}©t«tial i«aad f©r 
i38 
ela««sls©a?pfci©ii ser##iilag» In t1«w ©f tli® iiaeussioa a'bw®# 
feMs eliaii»©rpifei®ni gh®uM premet® l>o»d sferwagtli gttia# 
On lib® liius.#, tli® p©lisli«i .stipfae® hm r®3.ati"r®ly 
•wa0h. !«»» ®f ••feis Btmmplj insliati tttrfa©®, md r®latiir®iy 
m«13. ®<lg®s.. I®iit #f tl» «ig®a ®a tli® poliiflne^ 
swfa«®0 was 0tos;®r¥®4 t® ®3ctt»'<4 f®» mij i^p.a?®©ial>l« distane® 
mroms thai wimral# 
It ia m&m*41nglj sagg@»t®4 tliat i»i)F®T®4 fe®Ming 
of th® saim sai?f«e® i# dm® t@ m las*g®3? pi'opoj^tioii of 
fairorftbly ofi®nt®d awfa®®* and t# m strmfitor® faYoriiig 
@li»ai#oi»I>ti©», with &@@«i®-|?atl©a -©f boM str^ngtii 
gain. 
Spli#j?i0al I»©3aai®a 
ffli® ©repiill a-r®!*!^® moiialua ®f mptwo'® ©f tfe® ®p@eim®ns 
of til® s*]®pl®a®«feil t®ngil« tmt B9Wim$ fmtel® 9$ was eom» 
pmt®d at sppi?©xlai&fe®lf 55® FSi* By flFst «it®3?ijag figi»® 
7, l^ng llSb), r®la'bi®iisliip #f tyaaai® «oiialu» 
of ®lastieity «i, fl®mml str®iiftl3t| aiwl then f&tel® i. Long 
j|t Itstiiig a s@i?i«s @f @©apfiiai@a ¥aim®s ©f 
dyasai® aa€ statl® a©^li ©f @l«stieity @f ®oa®r@t®| th® 
atatie ®f «lastiQlty of fe® aertsa* @f tla«8« speei-
ia«»s was ®8t'l«afe®i at 3#33 x 10 fsi# 
gi^@rla®ntal ftlas® lo# ?, r®f®2»r@ia t® ali®v® m tb® 
liitsis tm th® oxid® ®®®ipo8itioii '©f til® ^glass of fafel® I.3.# 
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ftui thm tensil® 9tr#as m iihm inelmsiomp 
®stSaa%®4 at ^0 pal, l» g# larg# m to iMieat# that tim 
appi»®x.iiatl©ii ii0t®4 alj®v« fails to |ri«M m«®iSal valii®s« 
»i0«»«i.tj im Sk gp®at®f fati© b®ti#®@ii «p«@S»®« thl&kmm 
fyad innJaisim <llaffi®t»r l» Siiiieat®i« Tbm mffmt ®f tbt^ in* 
dHusloH i« all at tte-## 4i««t#Mi f3?®« its »w-
fa©«, i» til# ©a»« ©f an rigM wliidk 
sMg^iti & MinSasm rati© ®f ?tl« 
aiia. 
GOTGKrSI©» 
©m til# basis ©f lyad %h» 
iatii it l« thatt 
1# fb# ®:(W®at pa»fe®-aggp«gat# smrfa©® fails 
£a ae©®f4am« witli th® aazlwm m©wftl m 
@f failw®# afe a, lt«ilsiiig 'ralm# ®f the mmmBl t«ii»il® 
mnit »fer»»s tm ®aife ag®r®gat« *at®^al. 
2* ft® #®»®atFati©n mf «ff#®tiTr® mjgmi ions is thm 
er^wtal ntmrn^rm ®f am aggregate feas a nigBlfieant ®f.f®et 
on th® bend stfeEftli l>®t!w®®ii tortlaad ©anaat pa«%® aa«l that 
aggyagat®. 
3» fb® ©©^lentfatisn ®f «ff®@ti'ir® valwa©® atoms ®f 
oa^^®® im me evfat&l stmetiis*® «f m. «ggi»®gat® lia® m. ofe-
»®pifalil.® ®jff«#t ©a til® te'®«d strength h&%mm foi'tlaiii e«»®nt 
paat® ani that ag|pf®gat®« 
%• ®ht® ®f %im j^eh^iiM ©f to©ii^ stf®ng^ 
d@ir®l®pm®iit tto@wgli tta®' pp©gi»@s8iir® pmXjmx'iz&tlm ©f loni© 
gillaat® ©a the «i3Pfa«®» hfiyati»g e®a®iit gyaina, 
paFtlel®8# aai «p©iit.«n®©iw agp'egatioa® of ®oi-
loldal sia® ia tk« iiat«3patltlal voida# tog»tlx®3? witM tla® 
in@@i»fofati®ii 0f iat© 6al®iwi 8ili®at« lajd.fat«»» 
pFoirlA«s a 0j^laiiati©» of tli® data 8^.porting 
©©mlmaioiis 2 aM 3. 
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Th@ use of ^ibpatl®» t© 0on».oliiati« feh® a^rtaap b# 
A Iw snpiifni## ii©d«yat®l|' Mgb fmqu0mj, 
©btaSaabli by tli® mm @f p©if®»#€ equipmen^^ Is smg» 
as m initial f®»«ibility. 
6# 'fbii- boMs b® fab^ieated ©f Metal net attacked by 
tl» ©meat mm%m$ m& &f »mffi@i@iit rigidity t© aT®ii di»-
t©ipti©ii in m««* flais will t© ©limiaat® ©a® ef th®. nor® 
MQVlmn ®3Etraii«®ms Tariabl®i ®f tli® ©mwent st»4yt 
I* gi««i*al :g#»@try of tb« t«nsil# t®®t »p®©iia«n 
b® 3?®taii»i« daatiiig tto® »p®®la»n® ©» mA a» f0©<»s®M®i, 
ab©¥® will p«3Mit tb® smpiJ©Ft @f tb® a^regat® waf@f by a 
rw®f®bl® ai«b®r in tb© initial Fla©«®nt, obviating 
til® a«®'€ f®r in tb» »M walls to h&M tb® waf»r in 
plae®, «i ©liMia&ting smrfa®® is^'e-gjilarity, fb® long, tmi* 
f©3m »®©ti©n will r®im©# stret® ©®B0®nt3^ati@a and pj?©irid® 
tto9- po»«ibility ©f a©dmli ®f mptm® t«»t8 im additioml 
©©nti*©l» 
S» fh.® ©rystal ©ri®ntatioa ©f fe® aggregat® wafer be 
e©nti»©ll«tt ©itber tbp©t^ #«r« in tb® ®ri®ntati©n ©f m©n©-
eijystallin® «®r®gat®«, ©f tb® selection ©f tssen-
tially fin® grained «i©y®ery@tallln® aggi?®gat®». 
Wltimt®ly tb® ®ff»©t ©f ¥ftFlati©n of ©fi®ntati©n in mm» 
©rystallin# aggregate® «b©mM b® iiw®8tigat@i« 
f, fh® »ff«©t ©f aging ©f tb® a®r®,gat® tmrfa©® prior 
t© plae««®nt ©f a©rtar b® investigated. Siieb aging sbomld 
llth. 
tak© plac® In a rstrtmtf of @iiTi3Po»fl®iits, luelmding drj air, 
M0ist ail?, aiii wettM, m prelimlmrf Buggmstl&m^ 
10» fb# us® of aggregate «aib®rials- ef afpr^eimtol© 
l>®fN0i«ity av©i€@d in plaming iiit®«%igatiofis of ©th«r 
faetors. TM,9 will tmn^ to ©liwliiat® & potetitiallj wxatioms 
ira3?l^le * 
11, fl» «ff#©% of |t©r©»i%y mp©a tls® feond atr«ng%li 
©liw&etaristies h@ iii?®@tigat@4* Issmtinllf paa?® l,im©-
stoms ani ebti^# will p^©vid® wid® rmgm of powsity. 
Saw MJ.«% b« talc®a to iieatlfy smd walmat® sit® 
•i^ieli. 8W® lik@ly to aeooapaiiy pormltj in mineral# sueli m, 
f&r p3?t0r ion adsoFpticm# 
12* fb« ii©lding mi ttering ®f t®st speeiaeus b» 
oaiTitd ©a witb Materials aai «f»ipm#»t «®«ting th© require­
ments ©f ASWM ®®«ignati©n CJ l^t-li.f, fust for T«iisil® 
Strmgtli ©f Hy4raali©«C#m«iit »rtws. p. 188)# or ©tai-
Tal©'Ht» ®3.ts will t#a€ to '©liiaiuat® f©rtmit©U8 -rariatian# 
13# fh.® stii'tf ®f a§gr®gat® sttrfa©## hj high p&w&r 
Mieroseopy to© ©©ntiimed#. b©tfe m e©Qtr©l ©f surfao® smootli-
mB&, md. m an aid t© analysis. A Tariety ©f t«etoiqtt®s 
ar® available in tliia fi®M» 
llf. Sls» applleabillty of sonie test .matliods to the 
stttdy of boai str@ngtb» to® iiar®8tigat@i« fh© testoitm®© ©f 
1^* (l8fe) r0©©iwi@»d©4 as an initial «fpr©a©li. 
th® posfibllltj Qi ©©iitip®H®d j?®iae%ioa of to® 
b®ai Mtrmg^ li® t»«stigat«a t© pewit i«v®l®p«®at ©f 
eritltnl, mxmmAl sti?«#8 ¥alu®s b®f@:r® failmr® dm® to 
,t««i®»» witli tmbstaatial aagl@s ©f ia@liiiftti©ii ®f • 
til® &ggip®gat« mwtm.m from th® ii©rwil« Mm il7) i»®F©rt» 
r«as@i»tely ®@ii»lst®-iitj, . i?®'aa©®€ »tr®ngt!iis Vkpm 3?«grija.4ing 
liyi3rat«4 @em®at. Mlmtl®® witlt ]a©»-r@Mtlir« iiat®a?ials 1® 
ma alt^fisfetf® p®asifeilitf. Mth M®tli©48 w©mM probably 
r®'^ir« r®iiif®r«.®«®iit ©f tto® 
i&m Tim ®f iii@lu»i©ias fe® atmdt®^ mt«i? ©on-
ii%i©ii» fflsr® ©(WpaFatel® t© %h® msm&l nasmj^tloii® ©t 
ftUitlytieal attt4i«a» tl&is w©mM !?®^1^® iaall ia©lmsl©ii», 
©3? iMTge mr%@r si)«®ia«na, 
Wa ®©ttn«etl0B ultto study r®lmtiiig t© ©©nolm-
9i©ii 20 in ^iiti©ti to applieabi® dcwtnts ©ap®©iaily 
It 8# 9$ lO'i 11» %$» mA 34, it 1» • r®@€»ms»i®i tliftts 
1?. ft® %®M 8ty®iigtli of tk® *©rfeai?-aggi»®gat® awfao® 
l>® a®t«mla®d. at »©f@ fi»®fa®at tl«« iiit®rriil»» ©apeeially 
Mwtmg ®«0Ply ag®»* ffeis will p®»it a »©i*® a®®as»at« •valua-
ti©m ©f tfe®' tto® p®lati®a»Mp» ©f tli® f«?i©iis b®ai,ing 
•ff®eta* 
iS*. Ri# ori®«tatioa of fch# a,^r®gat® waferi >® r®-
stFi®t®4 to that fi©i»ittal t© tte.® dipaetloa ©f tl« i|>pli®i 
t®3aail« f©!»©•• fMa will fwth®i" a-iaplify t&® pi-sparation 
©f aggragat® wmtmrmg and will maJte® ©aattiig @f tfe® 
ta fMPlation# 
JjB e©aa©dt'ion with fwtli®'r stmiy 3P«l4tiag to OeaeXmslen 
3^ in aMitioa t© applleable ©owratata aibe-v#, ««p®©i®,lly 1, 
8, 9, 10, 11, 13, ail, ®n.i 17^ it is ?®@©wtiaai4#i tbatt 
19* ®i® s®a« #ti»metmp« ©f tk® aggrtgat# nrystala "fe# 
is3ifil.y«@i. this will t®M t© i»«strl@t tb# sttttj to iaa,t©3?i&l« 
•of giafl® stFttstartf bmt will te« *i«#«siar|r foa? satostMitial 
p»gi?»s« in tMa &rta» 
In #0im@eti©ft with fmrtbsr sttiij r«lfttiag to Ooaelusioii 
k$ in a4fiiti®a to appli#al)l@ eoffl»»ts .afeof®# ®®|>@©laily 1, 
8# 9, 10, 13> ITp «id 19, it it r^eowii^EideKl thyfttt 
20# fli® »tmiy of aggi?©gat« smi»fse«s 3?®e©w«i®€. is 13 
abof® h® ®xtmL€i$€ tO' ineltti# «l«©ti?©n' iiffraetiom t®©li-
alfut#. By eai»®fiil ®3K«iaatt©a ®f ag®p#gat« wafer 
f©ll©w#-i fey liailai* ®j»inati©» of th® s&me smrfa®#' 
«ft®F fraotw® as i. »3?taf»-aggr«gAt# aiwi^oimea,, tb® idtntifi* 
©tttion of 0 fluent iiwolfoi aad th® oljsoking of ©pi-
taxio st3?*if.tttr®s may w@ll te® a«e®^liito®i» 
21. ®b® f0»ati«ii of sil@ii« silieat# liyirat® polymers 
imroatigatod by tli® applieatioa of tli#»oiyiatMi© pip'in-
ei^l®Sj> in «xt«fiaioii of tb® work of M. tou §laa«iw#i» it?a# 
i&ad in 12,. p. 121?)• ffci® mnmvgf loirols of th® system stomM 
to® &ff®©t«4 l»y» md liav® «a ®ff«ot n^oa, tli® stability of 
th® rnmpomuta ani th® hyiratioa pi?©te$.ts« 
22, fhyi ®xi8t®»o® of eolloiial «a&l©pi®s to fortlimi 
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!• M%viQm Soeitty for f©sting latstritla. 1930 Book of 
ASflf 3tm<&B.rM$ iusludliig ?ar1# II» 
•file So©i«fey, fMlaa»lpMa. 1936. 
» 19$S B@©k ©f MfM StaRi.«3?ii., ineliKiliig 
fart 3* fh® fMlaielpMa. 
WSS** 
3« _« I9$6 ai.pp3j>»at t© Bo©k of ASfl Staiidar4s# 
Ineluiing ?»t 3« Ih.© S©©l«.tft 
lliila4#2,pMa* 1956*' 
l|.. file 01ii«istry ®f Fortlaaxd Qeawtj 2ai fiiblisliiiig Oorp'., N®w 
XoA, 1955* 
$» Bragg, SiT' lAiwp#ne®» fli® epystallfa# Stmt®—4 @en®r«a 
Smrvmfrn f©l* !• #• Bsll mi S®as, Iita#, Ii@nd©ia* 
mf/ 
6» 1» !• e*^stid tocwtli# -^©Im lil®y & Soiis, 
lew fork. 1951• 
t* •Oaj?1a»ll, S»j, aad §• ¥, ,4# fowl®#* ?a,i®-iwy sai 
K©l®®ml&3p .A@ad#Mie Wm»mg. la©*, lew 
•ferk, lf56« 
8» Oottlioa, caiK»l#» Alfred, filtae®, ©xford felwrsity 
li®aA©nt 1952. 
9# Deaati B* 8©d@m G©ll®iis» ©• T®n lestraud 0©^#, 
lae*, l«w Xerk. %%B* 
1@. a®e£l H» &n m® s#t*teing of &mm%B 
aaS piasters* • fra»a« Fajpiniay S©el®ty ll|$ 1-7, 
67-^9. 1919. 
11. BawsT'dn, 8# H. «@n<i«ntyati®ii» ^supomad »pli®TOiial 
inelttsiotti ®ai eavlti^s. .JT# Af,pl# l8t 19-
30. 1951.. 
ll|.9 
32* lit®!# WilhmlMt fb.# fhfB'iemX 0k«tlstr7 ®f fell® Sili-
mtm* fti« laiv«3?sitj ef @lii#ag© 
m$k* 
13. Handfi llel»3?i L, 3featoili»afei©». o-f I®m 2.@@ss with 
Btapmlilisb®# fli» D» 
Iowa itm-fe® GolXfg# X©wa» 1956# 
Hi.* ilms«r, l»#t Alfred# Slliei© Sei^no®* ©• v«a I©s-
traM 00».# Inc., I®m ¥@rk* 1955* 
15®.* I@mwi®k.p 1. llastl^itj, flftitieity, mi St^elw® ©f 
lattw, and e4* larreii fi*#®®# mifliiagfe©a.t ©# G. 
im* . 
I5to# iettmjf I** ¥» fht e-i^atAl Strattef# ©f 1^1®alaii« 
Silioafc#., A©ta Siryst. St X9$Z* 
IS# libit Imt# S®it®a%©l2.©mi#. in «ni praxis# 
•(©rlgl'iml not avftllabl# f®i» #xaaiaa%i©B| ^togllifti 
ty«islati©nj 0@»^nt eiitalst-^ is flmfsvf iM frm®-
ties, translated fey V/. Olsi'lst@loif« Q&mmt9 
Biblientieast I«td» Ijansdon# Ifjlf 
!?• I«a, F» M# Th% Qti«ilsti»y of Q@mn% md Gonerat®, Tm.m 
®i« wmA Mm%-* St# Mtrtla's frsss,. la©., 
I®w tmk*. 
%B$km Im Gfe*t«li«ri ft®6li@r®h.e® ®^^rl«»atal©s »w 
1® ®0iistit'ttti@a .i«s ©l^ista «t la tMori# 4® l®w 
prl«®# e^apt# rend. 9%i 86f-l69# 18S2* 
l8te. toagi Bsrtl#tt §•, H®iiry. ferti, aai flaoaas A. 
iiutt€«iia*. As imtn^at m& m. tmimic im fl®M 
i®t®mlBatl©ii «f tto.« »@#ilms of tlaatieltT, ani 
fl^MTal strtagib, ©f e®nor«t® ipaT®B.«at®|# ,J. 
m, Q^m* iBit. 161 217-231. ^ to..''19l|5* 
19a# Mmr«h.all, §. mm&nd* fh#. C?©ll#i€ QhmtMtwj &£ th® 
iilicat# liaerals, -f©!, 1, Agreinwy M©B©grapli«» 
Aoademie fr(i».Sj> 3i^», Mm Terfc* 19%9» 
Ifte. K«g»w, Helan B# aSi« Strw«te?« of Ufvillit®, 
OajCSiOjOHjg^glgO. aryst, kfl^kn* 19S2. 
20# falacto®, ©larlaa,. S^arry Beaawiaf aai 01iff©rd. R?#iiaifl. 
fb» System ©f Wa^ralogy ©f Jaraei ©wl^t Saua mi 
Wwwi Salislmry 33ana# lalt ¥niv®rslty, iSST^-lSfS. 
ftli #din, f©l» !• John W.l#y & Sons, la©., lew 
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